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STRUCTURAL  STEEL;  ITS  PAST  AND  FUTURE 


By  G.  H.  Danforth* 


As  retiring  President  it  has  come  to  me,  after  some 
sixteen  years  in  the  Society,  to  make  a  farewell  or,  as  a 
schoolman  would  sav,  a  valedictory  talk  or  address.  In 
casting  about  for  a  subject,  a  Pittsburgh  friend  has  settled  it  for 
me  (without  knowing  what  he  was  doing)  by  remarking  to  me 
one  day  that  he  had  known  me  for  many  years  as  a  “dyed  in  the 
wool”  structural  steel  man  and  that  he  did  not  think  that  I  ever 
would  know  anything  else,  and  so  it  is  that  I  am  going  to'  try  to 
give  you  to-night  some  of  the  results  of  the  time  I  have  spent  in 
the  structural  engineering  game,  for  game  it  is,  with  its  constant 
changes  and  variety  of  conditions  and  surroundings. 

Steel  construction,  as  it  exists  to-day,  is  the  heir  of  that 
period  prior  to  the  Civil  War,  which  saw  the  rise  and  develop¬ 
ment  of  the  structural  uses  of  wrought-iron  for  bridges  and  also, 
to  a  much  more  limited  extent,  for  certain  forms  of  building 
work.  In  England,  both  wrought-  and  cast-iron  were  used  in 
construction  much  earlier  than  this,  but  in  this  country  the  abund¬ 
ant  supplies  of  timber  and  the  imperative  need  of  building  cheaply, 
delayed  our  use  of  metal  to  a  later  date.  It  was  during  this 
period  that  the  theoretical  work  was  done  whereby  we  were 
taught  the  analysis  of  structures  and  the  stresses  that  come  from 
various  types  and  conditions  of  loading,  material  to  resist  these 
stresses  being  proportioned  in  different  ways  to  suit  the  ideas  or 
whims  of  the  designer.  You  have  only  to  look  over  some  of  the 
early  handbooks  and  treatises  to  see  how  our  predecessors  labored 
to  find  the  best  and  most  economical  way,  according  to  their 
lights,  to  solve  their  problems  and  make  their  structures  safe. 
The  Patent  Office  was  full  of  the  efforts  of  these  men  for  at  that 
time  the  idea  was  rampant  that  the  patent  was  the  thing  to  pro¬ 
tect  their  ideas.  Few  of  the  structures  of  this  period  remain  to 
tell  the  tale,  having  l>een  superseded  in  the  course  of  time.  It 


♦Structural  Engineer,  Jones  Eaughlin  Steel  Co.,  Pittsburgh. 


•7 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Feb. 


is  to  this  time  that  the  Bollman  and  the  Whipple  truss  belong; 
also  the  Post  truss,  now  all  practically  extinct.  The  Pratt  truss 
is  still  with  us  hut  the  rest  have  gone.  Once  in  a  while  there  will 
appear  a  man  with  a  patent  on  some  structural  design  that  he 
thinks  is  new  and  valuable,  but  nine  times  out  of  ten  it  will  be 
found  on  analysis  that  the  new  patent  is  but  one  of  these  old  ideas 
that  has  been  so  dressed  up  by  the  skillful  patent  attorney  as  to 
get  by  the  Patent  Office  Examiner. 

The  great  expansion  of  the  railroads  after  the  Civil  War 
was  the  cause  of  the  growth  of  many  shops  for  metal  construc¬ 
tion  work.  Some  of  these  shops  had  been  originally  built  for 
the  making  of  “combination’’  bridges,  as  they  were  called,  having 
wood  for  top  chord  and  posts  and  iron  rods  for  tension  members, 
the  junction  of  the  wood  and  iron  members  being  usually  made 
by  means  of  a  casting.  It  was  but  natural  that  these  shops  should 
develop  and  multiply  as  wrought-iron  became  cheaper  and  as  the 
loadings  became  heavier.  The  directing  minds  of  these  shops 
became,  eventually,  the  designers  and  fabricators  of  the  all-metal 
bridge,  as  well  as  the  occasional  metal  train-shed.  At  this  time 
there  was  little  in  the  way  of  metal  buildings  of  any  other  type. 
The  first  extensive  use  of  metal  skeletons  in  the  ordinary  com- 
mercial  building  was  made  when  part  of  the  Western  Union 
building  in  Chicago  was  constructed.  This  was  followed  in  1883 
by  the  Home  Insurance  building,  also  in  Chicago,  where  the  first 
Bessemer  steel  beams  were  used  in  connection  with  cast-iron 
columns  to  form  a  complete  frame.  It  is  well  to  stop  a  moment 
and  think  how  recently  steel  construction  has  developed,  when 
you  are  trying  to  form  an  idea  as  to  what  its  use  may  be  in  the 
future. 

In  considering  this  future,  it  should  be  borne  in  mind,  that 
it  is  only  within  the  past  few  years,  that  there  has  been  any  real 
rival  to  steel  as  a  structural  element  in  structures  of  anv  size. 

j 

Wood  has  been  displaced  on  account  of  the  lack  of  strength  and 
the  high  cost.  For  certain  types  of  factory  construction,  known 
as  mill  construction,  it  is  still  favorably  regarded  but  the  high 
cost  and  the  tendency  to  dry-rot  are  crowding  it  out  even  there, 
and  relegating  its  use  to  ordinary  house  construction  where  load¬ 
ings  are  light  and  poor  grades  can  be  used.  Even  here,  its  com- 
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bustibility  is  against  it.  The  growing  idea  that  construction  sliall 
be  incombustible,  if  not  fire-proof,  is  practically  certain  to  cause 
its  abandonment,  except  for  finish  or  for  temporary  structures 
where  ease  of  making  connections  and  reuse  of  the  ’material  after 
the  structure  is  abandoned  make  its  use  advisable. 

Concrete  has  been  used  of  late  years  to  a  considerable  extent, 
and  has  had  many  enthusiastic  advocates.  In  fact,  its  standing 
to-day  has  been  more  than  impaired  by  this  very  enthusiasm, 
causing  it  to  be  used  in  places  where  it  really  had  no  business  even 
to  be  considered.  Compared  to  structural  steel  it  is  heavy  and 
cumbersome  and  if  it  is  to  displace  structural  steel  there  will  have 
to  be  ways  found  to  insure  its  standing  the  weather,  at  least  in 
this  climate.  The  tendency  of  concrete  to  spall  under  heat  is 
also  against  it.  To  spall,  when  used  as  protection  against  fire,  is 
bad  enough  but  when  the  spalling  is  from  the  very  member  on 
which  you  are  depending  for  the  strength  of  your  structure,  it 
is  fatal.  There  is  also  the  very  serious  objection  to  be  urged,  that 
it  is  subject  to  all  the  incidental  defects  involved  in  field  work 
with  no  means  of  knowing  what  you  have  until  it  is  in  the 
structure.  You  cannot  test  it  beforehand  to  determine  what  you 
are  going  to  get  as  a  finished  result. 

Terra-cotta  has  been  brought  forward  by  some  and  quite  a 
number  of  good  sized  arches  and  domes  have  been  built,  but,  so 
lar,  they  seem  to  have  defied  analysis  and  are  constructed  on 
empirical  rules,  and  to  use  this  material  for  anything  aside  from 
the  few  places  where  it  serves  a  special  purpose  is  hardly  possible. 

So  far,  nothing  has  been  developed  that  would  indicate  that 
the  use  of  steel  for  structural  purposes  was  on  the  wane,  or  that 
we  are  likely  to  see  it  displaced  in  the  immediate  future.  Com¬ 
paratively  speaking,  it  is  light  in  weight  for  the  strength  it  pos¬ 
sesses  ;  there  is  no  uncertainty  as  to  determining  its  quality  before 
it  is  incorporated  into  the  structure  or  as  to  how  it  is  connected 
after  you  get  it  there.  It  is  not  fire-proof  but  it  is  incombustible, 
and,  if  the  use  is  such  that  protection  from  fire  is  necessary  such 
protection  can  be  readily  applied.  As  made  at  the  present  day. 
it  has  to  be  admitted  that  it  will  rust  when  subjected  to  certain 
exposures,  and  as  a  protection  against  this  we  have  been  relying 
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on  various  paints  and  coatings.  As  the  only  protection  against 
corrosion  of  a  structure,  costing  many  thousands  of  dollars,  it  is 
not  logical  to  have  a  microscopically  thin  film  of  oxidized  vegetable 
oil  or  something  that  is  equally  tender  and  fragile.  Some  day, 
no  doubt,  we  will  produce  a  non-corroding  steel,  that  will  be 
commercially  available  for  construction  purposes,  and  then  the 
use  of  paint  will  be  relegated  to  its  proper  place — that  of  finish 
and  color  only,  in  cases  where  we  do  not  think  the  natural  appear¬ 
ance  preferable. 

With  the  rise  of  structural  steel  there  developed  a  mania  for 
diverse  specifications  both  for  quality  of  the  material  and  for 
workmanship  on  the  completed  structure.  Every  railroad  and 
nearly  every  engineer  developed  one,  and  from  their  respective 
viewpoints  the  only  right  and  proper  one.  This  led  to  endless  con¬ 
fusion,  and  an  impossible  situation,  from  a  production  standpoint, 
was  created.  We  still  have  plenty  of  specifications  of  various 
tendencies,  but,  thanks  to  the  labors  of  some  of  our  engineering 
and  other  technical  societies,  they  are  getting  to  be  more  reason¬ 
able  and  for  similar  types  of  structures  they  are  also  getting  to 
be  more  uniform.  There  is  still  room  for  further  progress  in 
this  direction  and  it  is  to  be  hoped  that  the  time  is  not  far  distant 
when  the  specifications  for  quality  will  be  reduced  to  one  for  each 
of  not  more  than,  say,  three  or  four  types  of  structures.  It  is  for 
work  of  this  character  that  many  of  the  societies  are  to  he  most 
highly  praised.  Workmanship  specifications  have  to  a  large  ex¬ 
tent  grown  more  rigid  as  the  years  have  gone  by.  Punched  holes, 
originally  universal,  have  been  barred  under  certain  conditions 
and  reamed  holes  or  holes  drilled  from  the  solid  have  been  called 
for  in  high-class  work.  These  constitute  a  serious  item  to  he 
considered.  There  seems  to  be  a  tendency  however  of  late,  at 
least  in  some  quarters,  to  let  up  in  this  regard,  as  if  it  were  con¬ 
sidered  that  the  results  obtained  were  not  worth  the  extra  ex¬ 
pense.  The  same  can  also  be  considered  true  of  the  epidemic  of 
sand-blasting  and.  later,  of  pickling  to  remove  mill-scale,  that  for 
a  time  ran  rampant  in  certain  places.  Possibly  the  absence  of 
easy  money  among  our  railroads  and  their  need  of  getting  value 
received  may  have  had  something  to  do  with  this  change. 
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Assumed  loadings  in  railroad  bridgework  have  been  getting 
steadily  heavier  and  heavier,  and  many  steel  bridges  have  had  t<> 
be  scrapped  on  this  account.  For  this  reason,  many  roads  that 
can  afford  the  cost  have  replaced  their  shorter  span  bridges  with 
masonry  structures  in  which  the  design  is  made  with  a  much 
larger  factor  of  safety  and  which  are  not  so  likely  to  be  over¬ 
loaded  by  an  increase  in  the  weights  passing  over  them.  It  would 
be  entirely  possible  to  design  a  metal  structure  with  a  similar 
factor  of  safety  and  get  a  longer  lived  structure.  In  building 
work,  the  tendency  now  seems  to  be  toward  lighter  assumed 
loads  than  have  prevailed.  Many  city  codes  have  been  revised 
in  a  downward  direction,  and  recently  there  has  developed  a 
desire  to  increase  the  allowable  working  stresses  from  the  16,000 
pounds  per  square  inch,  that  has  prevailed  since  the  introduc¬ 
tion  of  steel  in  the  place  of  wrought-iron,  to  18,000  or  even 
20,000  pounds  per  square  inch.  If  this  is  taken  in  conjunction 
with  the  tendency  to  use  a  lighter  assumed  loading,  it  would 
appear  to  me  that  we  are  getting  to  the  point  where  the  resulting 
structure  will  lark  both  the  rigidity  and  the  strength  in  service 
that  we  have  been  accustomed  to  expect. 

With  regard  to  the  future  of  the  steel  structure,  there  is 
nothing  I  can  see  that  seriously  threatens  it — nothing  that  is 
likely  to  take  its  place.  Improvements?  Yes,  in  addition  to  a 
non-rusting  material  which  has  been  referred  to  previously,  there 
will  probably  be  improvements  in  fabricating.  Riveting  is  an  ex¬ 
pensive  way  of  fabricating  steel,  but  at  the  present  time  it  is  the 
only  method  we  have,  and  the  most  promising  substitute  in  sight 
is  welding.  So  far  it  is  available  only  for  thin  sections,  although 
skin  welds  have  been  used  on  tanks  and  on  a  few  experimental 
structural  jobs.  This  will  not  do.  however,  for  a  iob  of  any  size. 
Spot  welding  has  been  used  for  thin  matterial  with  a  fair  average 
of  reliability.  This  reliability.  T  am  told  by  people  doing  com¬ 
mercial  work,  is  as  high  as  95  per  cent,  of  perfect  welds.  As  this 
was  on  material  about  1/16  inch  thick,  and  as  the  percentage  falls 
rapidly  with  increasing  thickness,  you  can  see  how  far  we  will 
have  to  go  before  we  can  hope  to  do  reliable  commercial  work 
with  our  ordinary  structural  material.  It  may  be  that  some  genius 
wili  develop  a  continuous  weld — something  between  the  spot  weld 
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and  the  skin  weld — that  will  solve  the  problem.  The  rolling,  or 
otherwise  making,  of  new  sections,  may  reduce  the  amount  of 
shop  fabrication  but  it  can  not  get  away  from  the  field  work  of 
putting  the  structure  together. 

To  summarize  this  matter,  I  believe  that  the  use  of  structural 
steel  is  to  continue,  and  that  there  is  nothing  that  is  going  to  take 
its  place  in  the  future  so  far  as  can  be  seen  at  the  present  time. 
Our  practice  may  change  and  our  materials  may  improve,  but  it 
will  still  be  steel.  Designs,  already  simple,  will  be  still  more 
simple  and  fewer  sections  will  be  used.  The  habit  of  letting  work 
on  competitive  designs,  once  so  prevalent,  will  be  further  elimi¬ 
nated  ;  and,  in  this,  the  consulting  engineer  will  come  into  his 
own.  Competition  among  fabricators  will  become  a  matter  of 
quality  and  service  and  then  the  shop  that  has  striven  for  a  reputa 
tion  in  these  directions  will  get  its  reward.  The  past  year,  which 
has  been  one  of  the  most  ruthlessly  competitive  years  commercially, 
has  shown  that  even  under  these  conditions  a  buyer  will  not  al¬ 
ways  be  governed  by  price  but  will  award  work  to  a  shop  at  a 
higher  price  if  he  has  confidence  that  he  is  going  to  get  value  re¬ 
ceived  in  service. 

This  will  not  require  us  to  live  in  Utopia,  but  will  only  be 
the  applying  of  principles  that  exist  in  other  branches  of  com¬ 
mercial  life,  to  a  field  where  they  are  sorely  needed. 
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By  A.  E.  White* 

To  speak  on  brass  in  a  steel  town  is  unusual.  For  one  who 
had  his  early  training  in  iron  and  steel  and  who  still  attempts 
to  maintain  his  major  interest  in  iron  and  steel  to  speak  on  such 
a  subject  is  perhaps  more  unusual.  There  may  be  those  who 
wonder  how  one  can  turn  easily  from  one  of  these  fields  to  another. 
The  answer  is  simple  for  the  underlying  principles  in  the 
metallurgy  of  brass  and  in  the  metallurgy  of  iron  and  steel  are 
not  as  distinct  and  separate  as  we  have,  at  times,  been  led  to 
believe. 

To  be  sure,  there  has  been  an  attempt  on  the  part  of  some 
of  those  engaged  in  the  brass  industry  to  maintain  strict  secrecy 
relative  to  the  process,  believing  thereby  they  were  better  able  to 
hold  their  positions  and  assure  for  themselves  a  satisfactory  liveli¬ 
hood.  One  leading  exponent  of  this  class  living  in  the  Naugatuck 
Valley  hoodwinked  his  employers  into  believing  that  he  possessed 
a  rare  flux  which  made  the  procurement  of  poor  brass  an  im¬ 
possibility.  This  flux  consisted  of  salt  mixed  with  a  sufficient 
quantity  of  horse  dung  to  conceal  the  salt  present.  We  all  know 
there  was  nothing  of  value  in  the  dung.  But  salt,  even  in  those 
times,  was  known  for  its  virtues.  Yet  this  person  was  to  all  in 
tents  and  purposes  set  upon  a  pedestal  by  the  company  for  whom 
he  worked  because  of  the  assumed  secret  virtues  of  hi>  flux. 
1  hose  days  have  vanished.  It  is  safe  to  say  that  no  employer  of 
molders  or  casters  in  the  brass  business  to-day  is  deceived  by  such 
hypocrisies;  yet,  unfortunately,  the  people  who  use  brass  know 
too  little  about  it  and  must  depend  to  too  great  an  extent  upon 
tbe  recommendations  of  the  producers.  Luckily  there  is  a  strong 
desire  on  the  part  of  most  producers,  if  not  all,  to  serve  the  in¬ 
terests  of  their  customers  to  the  best  advantage.  It  is  seldom,  in 
consequence,  that  incorrect  information  is  given  if  a  sufficiently 

*  Director,  Department  of  Engineering'  Research,  University  of  Michi¬ 
gan,  Ann  Arbor,  Mich. 
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earnest  attempt  is  made  to  arrive  at  the  facts.  Yet,  in  this  busi¬ 
ness  as  in  many  others,  producers  are  loath  to  advance  informa¬ 
tion.  It  is  for  the  purpose  of  throwing  some  light  on  the  proper¬ 
ties  of  brasses  and  the  extent  to  which  these  properties  are  varied 
by  cold  working  and  by  different  degrees  of  annealing  that  this 
paper  is  presented. 

Xo  one  is  quite  sure  when  metal  was  first  used  by  man. 
\Ye  realize  that  the  discovery  of  metal  was  one  of  the  great 
turning  points  in  man’s  civilization,  for  it  involved  his  change  from 
a  mere  being  with  no  tools,  other  than  his  hands  and  pieces  of 
wood,  into  a  being  who  called  metal  to  his  service. 

Though  the  use  of  copper  and  bronze  are  known  to  go  back 
several  thousand  years  before  the  birth  of  Christ,  yet  the  use  of 
brass — a  mixture  of  copper  and  zinc — is  essentially  of  recent 
origin.  In  fact,  the  first  brass  known  to  have  been  made  was 
produced  sometime  during  the  reign  of  Augustus  between  the  years 
'30  B.  C.  and  IT  A.  D.  One  of  the  first  examples  of  this  material 
is  in  a  coin  which  has  been  found  to  contain  17.31  per  cent,  of 
zinc.  The  method  used  in  the  manufacture  of  this  product 
was  to  mix  copper  in  the  form  of  small  granules  or  fragments 
with  charcoal  and  calamin — a  silicate  of  zinc  hydroxid.  This 
mixture  was  placed  in  a  crucible  and  was  very  carefully  heated 
for  some  time  to  a  temperature  sufficient  to  reduce  the  zinc  in 
the  ore  to  the  metallic  state,  but  not  to  melt  the  copper.  The  zinc 
being  volatile,  its  vapor  permeated  the  fragments  of  copper  con¬ 
verting  them  into  brass.  The  temperature  was  then  raised  suffi¬ 
ciently  to  melt  the  brass  and  enable  it  to  be  poured  out  of  the 
crucible.  This  method  was  practised  until  the  beginning  of  the 
nineteenth  century  and  it  was  employed  in  one  or  two  plants  as 
late  as  1850.  It  was  gradually  replaced,  however,  by  the  melting 
together  of  metallic  copper  and  metallic  zinc  in  crucibles  of  var¬ 
ious  sizes.  This  practice,  in  turn,  continued  until  the  past  four  or 
five  years  and  is  still  very  extensively  employed  both  in  this 
country  and  abroad.  It  is  known  essentially  as  the  crucible  pro¬ 
cess.  Within  the  past  ten  or  fifteen  years  oil-fired  melting  fur¬ 
naces  have  come  into  use  and  just  recently  electric  furnaces  have 
begun  to  take  their  place  in  this  field.  In  these  latter  furnaces, 
especially  in  combination  with  the  adoption  of  economical  pouring 
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arrangements,  there  have  been  tremendous  savings  in  floor  space 
and  in  labor  charges,  with  no  sacrifice  and  in  most  cases  a  decided 
betterment  in  quality.  I  predict  that  within  the  next  fifteen  year> 
crucible  furnaces  for  the  melting  of  brass  will  be  obsolete. 

Looking  back  for  a  moment,  however,  we  find  that  most  of 
the  brass  made  during  the  Middle  Ages  was  produced  in  Ger¬ 
many.  It  was  not  until  1702  that  brass  was  produced  in  Eng¬ 
land.  In  this  country  we  know  the  beginnings  of  brass  look 
place  in  the  early  part  of  the  nineteenth  century  with  the  immigra¬ 
tion  of  brass  workers  from  England  into  the  Naugatuck  Valley, 
to  Waterbury,  and  the  towns  in  that  general  vicinity.  Since 
then  there  has  been  a  gradual  spread  of  the  industry  westward, 
although  the  Naugatuck  Valley  still  continues  supreme  as  the 
brass  center  of  the  United  States. 

Before  proceeding  to  a  discussion  of  the  properties  of  brasses 
under  varying  conditions,  certain  of  the  fundamental  laws  under 
which  grain  growth  in  metals  may  occur,  as  stated  by  Jeffries,  will 
be  presented.  They  are  given  in  order  that  there  .may  be  a  better 
appreciation  of  the  conditions  under  which  grain  growth  in  its 
larger  terms  occurs. 

“(a)  On  heating  after  cold  plastic  deformation.  The  term  cold  is 
here  interpreted  as  meaning  below  the  recrystallization  temperature  of  the 
particular  metal. 

(b)  On  heating  a  hot-worked  or  annealed  metal  to  a  temperature 
higher  than  it  had  been  previously  heated,  or  heating  it  for  a  longer  time 
at  the  same  or  at  a  lower  temperature. 

(c)  On  heating  compressed  metal  powder  to  relatively  high  tempera¬ 
tures,  but  below  the  melting  point. 

(d)  On  heating  or  cooling  a  metal  through  an  allotropic  point,  which 
occurs  in  a  temperature  region  of  grain  growth  and  which  is  accompanied 
by  a  change  in  crystal  form.” 

He  furthermore  states  that  the  grain  growth  temperature  of 
a  metal  in  the  solid  state  is  confined  to  temperatures  between 
that  of  recrystallization  and  the  melting  point  and  in  most  cases 
the  lowest  recry stall/izat ion  temperature  occurs  at  from  35  to  45 
per  cent,  of  the  absolute  melting  temperature. 

The  recrystalliization  temperature  is  in  most  cases  not  i 
fixed  temperature  but  is  usually  dependent  upon  (1)  the  amount  of 
deformation,  (2)  the  temperature  of  deformation.  (3)  the  time 
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of  heating  at  any  given  temperature,  (4)  the  grain  size  prior  to 
deformation.  In  general  the  recrystallization  temperature  be¬ 
comes  lower  with  an  increase  in  (1),  a  decrease  in  (2),  an 
increase  in  (3)  or  a  decrease  in  (4). 

Grain  growth  is  of  two  types — normal  and  exaggerated. 
Normal  growth  occurs  when  the  usual  laws  are  obeyed ;  namely, 
that  the  grains  become  larger  the  higher  the  temperature  and  the 
longer  the  time  of  exposure.  Exaggerated  growth  is  that  which 
we  are  particularly  interested  in  and  that  to  which  the  reference 
just  previously  mentioned  applies.  Some  of  the  general  laws 
which  find  applicaton  in  the  case  of  both  normal  and  exaggerated 
growth  are  brieflv  as  follows: 

1.  As  the  size  of  a  grain  increases  its  attacking  power 
increases. 

2.  As  temperature  increases,  velocity  of  grain  growth  in¬ 
creases. 

3.  Segments  of  grains  act  as  units. 

4.  The  presence  of  strain  gradients  increases  the  tendency 
towards  recrystallization. 

5.  The  presence  of  temperature  gradients  increases  the 
tendency  towards  grain  growth. 

6.  The  higher  the  germinative  temperature — the  tempera¬ 
ture  at  which  exaggerated  grain  growth  takes  place — the 
quicker  the  development  of  large  grains. 

7.  The  higher  the  germinative  temperature  the  larger  the 
grains. 

8.  The  higher  the  temperature  the  shorter  is  the  time  re¬ 
quired  for  recrystallization. 

In  the  opening  paragraphs  of  this  paper  it  was  stated  that 
it  might  appear  odd  that  one  who  has  devoted  so  much  time  to  the 
metallurgy  of  iron  and  steel  should  speak  on  the  metallurgy  of 
brass.  If  one  will  carefully  examine  the  four  fundamental 
conditions  under  which  grain  growth  takes  place  it  will  be.  iioted 
that  heat  treatment  as  so  generally  accepted — namely  the  heat 
treatment  of  steel — is  based  upon  allotropy  and  is  set  forth  in 
condition  “d”,  above.  As  a  matter  of  fact,  the  fundamental  laws 
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of  grain  growth  are  more  perfectly  exemplified  in  the  non-fer¬ 
rous  metals  than  in  the  ferrous  field,  around  which  centered  the 
early  developments  in  the  constitution  of  metals. 


Fig.  1.  Copper-Oxygen  Equilibrium  Diagram. 

Before  proceeding  to  a  discussion  of  brass  let  us  turn  to 
copper.  It  is  normally  realized  that  copper  of  high  quality  can 
be  procured.  From  an  exact  standpoint  one  can  purchase  cop¬ 
per  with  a  purity  of  at  least  99.88  per  cent.  The  major  impurity 
in  copper  is  oxygen  and  by  an  examination  of  Fig.  1  it  may  be 
noted  that  with  3.5  per  cent.  CiuO  or  approximately  0.39  per 


Fig.  2.  Copper  Containing  Cu-CivO  Eutectic. 
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cent,  oxygen  there  would  lie  a  eutectic  made  up  of  copper  and 
Cu20.  The  normal  definition  for  a  eutectic  is  an  alloy  of  lowest 
melting  and  by  examining  this  chart  it  is  noticeable  that  whereas 
the  melting  point  of  pure  copper  is  1083  degrees  C.  the  melting 
point  for  this  eutectic  is  approximately  1065  degrees  C. 

The  effect  of  this  eutectic  is  set  forth  in  Fig.  2.  In  this 
case  but  0.04  per  cent,  of  oxygen  is  present  producing  0.365 
per  cent,  cuprous  oxid,  resulting  in  about  10  per  cent,  of  the  area 
becoming  eutectic ;  thus  the  effect  of  even  small  traces  of  oxygen 
is  especially  noticeable. 


Fig'.  3.  Variation  of  Physical  Properties  of  Copper  Wire  with  Variations 

of  Annealing  Temperature. 

In  Fig.  3  is  given  the  composite  tabulation  of  the  results  of 
physical  tests  on  copper  wires  which,  after  having  been  hard 
drawn  were  annealed  at  various  temperatures.  It  is  noticeable 
that  when  the  copper  is  in  the  hard-drawn  condition  its  strength 
is  the  greatest  and  its  elongation  and  conductivity  are  the  lowesi. 

This  continues  until  there  is  reached  a  temperature  lying 
between  600  and  800  degrees  F.  at  which  temperature  range  the 
elongation  and  conductivity  undergo  a  marked  increase,  and  the 
tensile  strength  a  marked  decrease.  There  is  no  appreciable 
effect  on  the  tensile  strength  at  succeeding  higher  temperatures 
up  to  1800  degrees  F.  Up  to  1400  degrees  F.  the  same  general 
condition  is  true  in  the  matter  of  elongation.  Above  1400  degrees 
F.,  however,  there  is  a  marked  falling  off  in  this  property.  The 
same  general  conditions  hold  true  with  regard  to  conductivity. 
The  decrease  in  tensile  strength  between  600  and  S00  degrees 
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Fig.  4.  Hard-Drawn  Copper  Tubing.  Magnification  75. 


F„  combined  with  the  corresponding  increase  in  elongation  and 
conductivity,  is  due  to  the  influence  of  recrystallization  and  the 
production  of  crystalline  material  at  the  expense  of  amorphous 
or  non-crystalline  material.  1  he  marked  decrease  in  elongation 
and  conductivity  at  temperatures  above  1100  degrees  F.  is  due 
to  the  large  grain  size.  The  results  of  the  annealing  so  strikingly 


Fig.  5.  Copper  Tubing  Annealed  at  200  Degrees  t  . 
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Fig. 


6.  Copper  Tubing  Annealed  at  300  Degrees  C. 


given  in  Fig.  3  are  equally  well  shown  in  a  series  of  photomicro¬ 
graphs,  Fig.  4-8,  setting  forth  the  changes  which  take  place  in 
the  micro-structure  of  cold-drawn  copper  when  annealed  at  suc- 


Fig.  7.  Copper  Tubing  Annealed  at  400  Degrees  C. 
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cessively  higher  temperatures.  Fig.  i  is  of  a  hard-drawn  coppei. 
The  strain  lines  are  decidedly  noticeable. 

Fig.  5  shows  the  conditions  brought  forth  by  an  annealing 
at  200  degrees  C.  Xo  appreciable  change  is  noticeable. 

Fig.  G,  taken  from  copper  annealed  at  300  degrees  C.,  bears 
evidence  of  recrystallization.  The  same  is  also  manifest  in  the 
figures  giving  the  effects  of  the  anneal  at  400  degrees  C.  and 
1000  degrees  C.  Equiaxed  crystals  are  first  manifest  at  LOO  de¬ 
grees  C.  and  these  increase  in  size  with  the  increasingly  higher 
temperatures. 


Fig.  8.  Copper  Tubing  Annealed  at  1000  Degrees  ('. 


A  full  appreciation  of  the  laws  of  grain  growth  combined 
with  a  thorough  understanding  of  the  constitutional  diagram  tor 
the  copper-zinc  alloys  would  enable  considerable  prediction  with 
regard  to  what  can  and  cannot  be  done  lor  the  brasses  by  heat 
treatment.  As  a  matter  of  interest  there  are  no  commercial 
brasses  produced  with  less  than  55  per  cent,  of  copper.  An  ex 
animation  of  Fig.  0  and  10  indicates  the  reasons  for  this  condition. 
Alloys  with  less  than  55  per  cent,  of  copper  have  practically  n<> 
strength,  whether  the  metal  he  in  the  cast  or  the  rolled  condition. 
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Fig.  9  gives  the  results  of  three  investigations  on  this  matter 
— one  conducted  by  Thurston  on  cast  brass,  one  conducted  by 
Charpy  on  worked  brass  and  one  conducted  by  the  Alloys  Re¬ 
search  Committee,  also  on  worked  brass.  It  is  noticeable  that  all 
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Fig.  9.  Tensile  Strength  of  Copper-Zinc  Alloys. 


three  authorities  obtained  as  the  brass  of  a  maximum  strength 
an  alloy  consisting  of  55  per  cent,  copper  and  45  per  cent,  zinc ; 
and  that  with  succeeding  quantities  of  zinc  there  was  a  very 
sharp  falling  oft*  in  the  tensile  strength.  In  the  matter  of  ductility, 


Cm — Charpy  (Annealed  Brass)  Th — Thikstox  (C\sti\o.s> 

Fig.  10.  Ductility  of  Copper-Zinc  Alloys. 
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as  set  forth  in  Fig.  10  from  results  obtained  by  Thurston  and 
Charpy,  the  alloy  with  the  maximum  value  consisted  of  a  70-30 
mixture,  and  with  more  than  30  per  cent,  zinc  the  reduction  in 
the  ductility  was  marked.  With  50  per  cent,  of  zinc  the  ductility 
was  practically  zero. 

Looking  at  the  brasses  from  a  constitutional  standpoint  one 
observes  from  an  examination  of  the  copper-zinc  constitutional 
diagram  (Fig.  11)  that  the  copper  and  zinc  are  united  to  form 


Fig.  11.  Copper-Zinc  Constitutional  Diagram. 


a  solid  solution  with  all  proportions  of  zinc  between  a  mere  trace 
and  approximately  37  per  cent.;  further,  that  with  between  37 
and  48  per  cent,  of  zinc  the  constituents  that  should  be  expected 
are  the  alpha  and  beta.  To  be  sure,  the  diagram  gives  at  the 
lower  temperatures  alpha  and  gamma  but  the  gamma  is  procured 
only  by  a  long  annealing  and  is  seldom  if  ever  present  in  com¬ 
mercial  products. 

The  term  solid  solution  has  been  employed.  This  implies 
practically  the  same  status  for  metals  as  one  gets  in  the  case  of 
a  liquid  solution.  The  phenomenon  of  sugar  dissolving  in  water 
or  salt  dissolving  in  water  is  so  common  that  we  see  nothing 
strange  about  it.  In  the  same  manner  it  is  quite  possible  for 
two  metals  such  as  copper  and  zinc  to  dissolve  in  one  another. 
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Tig.  12.  Effect  of  Heat  Treatment  on  the  Physical  Properties  of  Brass 

90  Copper,  10  Zinc. 

If  we  can  but  adjust  our  viewpoint  there  should  be  nothing 
peculiar  about  this  behavior.  Thus,  when  copper  and  zinc  dis¬ 
solve  in  one  another  to  give  zinc  concentrations  between  a  trace 
and  31  per  cent.,  the  product  resulting  is  an  alpha  solid  solution. 
If  there  is  more  than  37  but  less  than  48  per  cent,  zinc  then  there 
are  two  solutions  usually  present  in  commercial  brasses  within 


Fig.  13.  Effect  of  Heat  Treatment  on  the  Physical  Properties  of  Brass 

67  Copper,  33  Zinc. 
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Fig.  14.  Hard-Drawn  Brass  Tubing  (70-30).  Magnification  75. 

this  composition  range.  One  of  these  is  an  alpha  and  the  other 
a  beta  solid  solution.  Each  of  these  concentrations  has  slightly 
different  physical  properties,  and  the  photomicrographs  reproduced 


Fig.  15.  Brass  Tubing  (70-30)  Annealed  at  300  Degrees  C. 
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below  show  these  different  constituents  and  the  way  in  which 
they  react  to  heat  treatment. 

Before  proceeding'  to  that  matter,  however,  there  is  set 

forth  in  Fig.  12  the  effect  on  the  physical  properties  of  annealing 

cold-drawn  brass  consisting  of  90  per  cent,  copper  and  10  per 

cent,  zinc  at  successively  higher  temperatures.  Fig.  13  further 

shows  the  effect  of  annealing  cold-drawn  brass  consisting  of  67 

# 

per  cent,  copper  and  33  per  cent.  zinc.  It  will  be  noticed  that 
these  figures  exhibit  characteristics  similar  to  each  other  and 
similar  to  those  shown  in  Fig.  6  (copper)  though  there  may  be 
slight  differences  as  to  temperature  at  which  recrystallization  takes 
place  and  differences,  not  of  kind  but  of  amount,  as  to  tensile 
strength  and  elongation. 


Fig.  16.  Brass  Tubing  (70-30)  Annealed  at  400  Degrees  C. 


The  next  series,  Fig.  14-18,  represents  the  conditions 
of  grain  structure  in  a  70-30  mix.  Fig.  14  is  from  metal  in  a 
hard-drawn  condition.  The  parallel  bandings  in  the  crystals  are 
strain  lines  and  indicate  cold  working.  These  will  be  found  to 
persist  through  certain  of  the  lower  annealings.  Fig.  15  shows 
the  effect  of  annealing  at  300  degrees  C.  It  will  be  noted  as 
we  progress  that  the  first  striking  evidences  of  recrystallization  are 
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lrij>.  17.  Brass  Tubing  (70-30)  Annealed  at  500  Degrees  C. 


in  those  samples  which  were  annealed  at  400  degrees  C.  Re¬ 
crystallization  is  very  much  in  evidence  in  the  photomicrograph 
taken  from  metal  annealed  at  this  temperature.  It  is  also  pres- 


Fig.  18.  Brass  Tubing  (70-30)  Annealed  at  900  Degrees  C. 
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Fig.  19.  Hard-Drawn  Brass  Tubing  (60-40).  Magnification  75. 


ent  in  all  photomicrographs  taken  from  metal  annealed  at  tem¬ 
peratures  above  400  degrees  C.,  with  a  noticeable  increase  in 
grain  size  in  the  case  of  those  specimens  annealed  at  the  higher 
temperatures. 


Fig.  20.  Brass  Tubing  (60-40)  Annealed  at  300  Degrees  C 
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The  effect  of  heat  treatment  on  cold-drawn  tubing  contain¬ 
ing  GO  per  cent,  copper  and  40  per  cent,  zinc  is  further  presented 
in  Fig.  10-23.  The  recrystallization  changes  which  occur  are  in 
general  identical  to  those  discussed  under  the  10-30  mix.  Ihe 
dark  grains  are  the  beta  constituents.  It  is  observable  that  at 
the  lower  annealing  temperatures,  strain  is  present  and  that  at 
above  300  degrees  C.  this  disappears.  Also,  at  the  higher  tem¬ 
peratures  it  is  noticeable  that  there  is  a  distinct  change  in  the 
General  characteristics  besides  that  of  grain  enlargement.  This 
is  essentially  the  resultant  of  absorption  of  the  alpha  constituent 
by  the  beta. 


Fig.  21.  Brass  Tubing  (60-40)  Annealed  at  400  Degrees  C. 


For  your  further  consideration,  in  Fig.  24  there  is  presented 
one  photomicrograph  from  what  is  said  to  be  a  manganese  bronze. 
Essentially  it  is  a  manganese  brass.  Its  composition  is  G2. 04 
pei^  cent,  copper,  0.58  per  cent,  tin,  33.21  per  cent,  zinc,  0.83 
per  cent,  lead,  and  0.22  per  cent.  iron.  It  is  a  cast  product,  the 
black  being  beta,  the  light  alpha.  Under  physical  test  it  was  shown 
to  possess  25,000  pounds  per  square  inch  elastic  limit,  57,000 
pounds  per  square  inch  tensile  strength,  46  per  cent,  elongation 
in  one  inch,  and  48.4  per  cent,  reduction  of  area. 
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Fig.  22.  Brass  Tubing  (60-40)  Annealed  at  500  Degrees  C. 


If  there  is  any  one  thing  which  it  is  desired  that  you  carry 
away  with  you  to-night  it  is  the  tying  up  of  the  constitutional  dia¬ 
gram.  the  physical  test  tables,  and  the  photomicrographs.  In  the 
cases  of  the  copper  the  10-30,  and  the  G0-40  mixtures,  the  metal 


Fig.  23.  Brass  Tubing  (60-40)  Annealed  at  800  Degrees  C. 
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started  with  was  in  a  cold-drawn  state.  It  underwent  annealings 
at  successively  higher  temperatures.  These  annealings  con¬ 
verted  the  amorphous  material,  which  in  itself  possesses  high 
tensile  strength  and  little  ductility,  into  a  crystalline  material 
which  possesses  lower  strength  and  higher  ductility;  thus.  a> 
the  tensile  strength  decreased  and  the  elongation  increased,  die 
crystalline  changes  were  a  decrease  in  strain  lines,  proceeding 


Fig.  24.  Cast  Manganese  Bronze.  Magnification  75. 


into  recrystallization  and  this  in  turn  developing  in  appreciable 
grain  growth.  All  of  these  changes  are  characteristic  in  brasses, 
characteristic  in  pure  metals,  and  if  we  can  forget  allotropy — which 
is  one  of  the  special  properties  inherent  in  steel,  especially  steel 
with  appreciable  quantities  of  carbon — we  would  find  that  these 
same  conditions  are  peculiar  to  steel.  As  a  matter  of  fact  those  con¬ 
ditions  which  in  the  steel  industry,  especially  in  the  sheet  metal  in¬ 
dustry,  have  for  long  years  been  looked  upon  as  diseases  are  in 
reality  but  normal  manifestations  of  the  laws  of  grain  growth. 


DISCUSSION 


Mr.  D.  D.  Pendleton  :*  I  have  listened  with  a  great  deal 
of  interest  to  Dr.  White’s  paper  on  the  nature  of  brass,  and  am 
exceedingly  glad  that  he  has  given  so  much  time  in  particular 
to  condenser  tubes. 

Here  in  Pittsburgh  surface  condensers  have  in  the  past  almost 
been  condemned  before  they  were  tried.  In  fact,  some  of  our 
local  engineers  advocate  the  use  of  surface  condensers  on  the 
Monongahela  above  the  mouth  of  the  Youghiogheny  River  “hardly 
ever” ;  below  the  mouth  of  the  Youghiogheny  River  “never” : 
and  on  the  Ohio  and  Allegheny  Rivers  “sometimes”.  Surface 
condensers  are  coming  to  be  recognized  as  most  important  in 
power-plants,  and  I  think  that  this  paper  will  give  us  all  some¬ 
thing  to  think  about,  particularly  some  of  us  who  are  selling  and 
using  surface  condensers  in  the  Pittsburgh  district. 

Several  years  ago,  our  chief  chemist,  Dr.  G.  C.  Holder, 
issued  a  pamphlet  discussing  condenser  tubes,  and  the  method  of 
obtaining  data  relative  to  their  failure,  and  I  should  like  to  bring 
cut  certain  points  which  he  advocates. 

We  agree  with  Mr.  White  that  it  is  absolutely  necessary  to 
study  all  conditions.  Our  idea  is  to  bring  out  some  points  which 
are  very  salient  in  order  to  complete  any  data  relative  to  con¬ 
denser  tubes  and  their  failure.  In  order  to  do  that,  we  must  call 
on  the  person  who  comes  in  contact  with  users  to  supply  us  the 
necessary  information.  Even  then,  it  is  sometimes  difficult  and 
almost  impossible  to  arrive  at  a  definite  conclusion,  but  the  at¬ 
tempt  is  a  step  forward  and  that  means  progress.  It  is  an  ac¬ 
knowledged  fact  that  one  alloy  is  not  suitable  under  any  and  all 
conditions,  and  this  has  caused  consulting  engineers  to  be  brought 
in  to  study  conditions  and  make  recommendations  accordingly. 

Engineers  are  prone  to  look  too  lightly  upon  water  condi¬ 
tions.  Water,  which  is  a  cooling  medium  used  in  a  condenser, 
varies  as  to  composition,  physical  characteristics,  etc.,  according 

♦District  Sales  Manager,  Wheeler  Condenser  &  Engineering  Co.,  Pitts¬ 
burgh;  Sales  Engineer,  Power  Specialty  Co.,  Pittsburgh. 


1022] 


DISCUSSION— THE  NATURE  OK  BRASS 


to  seasons  of  the  year,  and  we  do  know  that  certain  alloys  do 
withstand  corrosion  under  certain  conditions  better  than  others. 
Condenser  tube  failures  are  not  generally,  1  believe,  the  fault  of 
the  manufacturer,  and  1  venture  to  say  that  95  per  cent,  of  the 
failure  of  tubes  is  entirely  due  to  local  conditions.  The  faults 
of  manufacture  are  in  the  majority  of  cases  apparent  in  the 
process  of  manufacture.  In  the  failure  of  condenser  tubes,  too 
much  has  been  taken  for  granted.  Defects  are  blamed  on  the 
manufacturer  or  failure  is  taken  as  a  matter  of  course. 

The  three  important  steps  in  the  manufacture  of  wrought 
brass  are  good  casting,  shop  supervision,  and  good  annealing 
control.  Not  all  corrosion  problems  are  alike  and  in  order  to 
classify  them  intelligently  it  is  perhaps  necessary  to  follow  them 
from  certain  periods. 

Since  water  is  the  medium  used  it  is  naturally  necessary  to 
procure  some  information  regarding  it,  which  includes : 

1.  Information  as  to  supply  of  water — whether  fresh,  salt 
or  brackish,  or  whether  cooling  tower  is  used. 

?.  Mechanical  analysis  of  water,  pertaining  to  suspended 

matter. 

3.  Whether  tubes  are  choked  with  solid  matter,  and  nature 
of  this  material. 

4.  Speed  of  water. 

5.  Arrangement  of  baffles  and  steam  distribution. 

In  studying  a  tube  which  has  failed  and  is  removed  from  a 
condenser,  it  should  be  carefully  marked  to  distinguish  the  top 
from  the  bottom  as  it  was  in  service.  The  record  should  further 
indicate  the  direction  of  water  flow ;  the  position  of  sample 
from  the  length  of  tube  and  whether  near  the  support  plate;  the 
length  of  service  of  the  corroded  tube;  the  length  of  the  tube; 
the  nature  of  the  deposit  in  the  tube  (which  should  Ire  protected 
by  plugging  both  ends  of  the  sample)  ;  position  of  the  tube  in 
the  condenser,  and  whether  corrosion  has  been  evident  on  any  other 
part  of  the  condenser;  if  a  plant  has  more  than  one  outfit,  whether 
corrosion  appeares  only  in  one  or  in  all  of  them;  whether  tube 
failures  are  more  prevalent  at  different  seasons  of  the  year. 
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Some  of  these  queries  may  seem  irrelevant,  but  each  serves 
its  purpose.  Take,  for  instance,  the  cooling  tower.  The  use 
of  the  cooling  tower  causes  a  concentration  of  salts,  thereby 
making  the  water  more  corrosive. 

The  mechanical  analysis  of  water  relative  to  suspended 
matter  is  important,  because  suspended  matter  of  varying 
specific  gravity  will  settle  in  the  length  of  the  tube,  and  it  is  to 
the  action  of  some  of  this  inert  material  that  local  corrosion  is 
ascribed. 

As  to  prevention  of  corrosion  by  dezincification,  about  the 
only  suggestion  is  the  frequent  cleaning  of  condenser  tubes.  The 
formation  of  an  oxychlorid  zinc  salt  appears  to  produce  a  scale 
that  acts  as  a  catalyzer,  freeing  the  chlorin  from  the  salt  con¬ 
tained  in  the  water,  which  quickly  attacks  the  brass.  A  second 
method  is  the  “Cumberland”  system  of  protection,  which  system 
has  been  tried  in  England — in  some  cases  with  a  great  degree  of 
success  and  in  other  cases  with  less.  In  any  case,  it  is  important 
to  install  the  system  before  corrosion  starts  in  the  tubes.  The 
system  consists  in  placing  iron  electrodes  in  the  water  ends  of 
the  condenser  and  connecting  them  to  the  positive  pole  of  a 
direct-current  dvnamo.  The  iron  electrodes  are  insulated  from 
the  vessel  to  which  the  negative  pole  of  the  dynamo  has  been 
connected,  so  that  current  flows  from  the  electrodes  to  the  walls 
of  the  tubes.  A  pressure  of  eight  volts  is  generally  used  with  a 
current  density  of  two  to  three  amperes  per  1000  square  feet  of 
surface,  although  under  certain  conditions  a  density  of  10  amperes 
has  been  used  when  first  installed  and  generally  reduced  to  two 
or  three  amperes.  By  this  means,  oxygen  is  set  free  at  the  iron 
electrodes  and  hydrogen  on  the  surface  of  the  tubes.  This  means 
that  corrosion  is  confined  to  the  iron  electrodes,  which  can  be 
replaced  at  small  cost. 

Tubes  generally  have  three  layers  of  material  in  structure — 
inter-crystalline  material ;  crystalline  material ;  and  structureless 
surface  laver.  These  lavers  are  the  reverse  in  their  resistance 

j  j 

to  corrosion.  This  is  apparently  due  to  higher  copper  content 
in  the  surface  layer,  and  this  difference  in  shells  amounts  to 
about  one-half  per  cent,  between  the  copper  content  of  the  inside 
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and  the  outside.  It  is  this  coppery  layer  which  leads  the  manu¬ 
facturers  of  the  “Bernal”  tube  to  make  assertions  regarding  its 
resistance  to  corrosion. 

After  knowing  the  conditions  under  which  the  tubes  are  to 
function,  we  are  in  a  position  to  suggest  to  better  advantage  the 
alloy  to  be  used.  “Muntz”  metal  should  he  used  only  in  contact 
with  fresh  water. 

Seventy  per  cent,  copper  and  30  per  cent,  zinc  appears  to  be 
satisfactory  in  ordinary  sea- water  at  temperatures  below  122 
degrees  F..  but  at  higher  temperatures  or  with  estuary  water-  it 
is  not  satisfactory. 

Crystal  grains  seem  to  have  ingratiated  themselves  into  the 
minds  of  some  engineers,  but  it  is  extremely  doubtful  whether 
they  can  define  why  they  desire  such  and  such  a  grain  size. 
Personally,  we  do  not  place  much  confidence  in  grain  size  other 
than  designating  a  minimum  grain  size. 

If  the  prospective  purchaser  has  no  consulting  engineer,  his 
principal  efifort  should  be  confined  towards  putting  matters  in  the 
hands  of  a  manufacturer  who  will  give  him  honest  working  and  an¬ 
nealing  of  tubes.  Any  manufacturer  of  proper  standing  will  be 
glad  to  submit  samples  and  photomicrographs  of  his  product,  and 
if  these  conform  to  the  proper  standards,  the  purchaser  should 
be  amply  protected. 

Mr.  T.  D.  Lynch  :*  We  have  heard  to-night  a  paper  of 
which  we  ought  to  feel  very  proud.  It  covers  the  subject  in  a 
broad  and  thorough  manner.  The  pictures,  showing  the  melting 
ranges  were  very  interesting  to  me  and  I  am  sure  to  many  others. 
When  we  realize  that  there  is  a  great  variety  of  opinions  given 
as  to  the  melting  points  of  different  metals,  the  curves  give  a  good 
explanation  of  why  one  man  will  give  you  the  temperature  at 
which  a  'metal  solidifies,  and  another  the  temperature  at  which 
it  becomes  liquid,  and  the  range  between  gives  the  variation  for 
the  different  compositions.  These  curves  show  up  at  this  point 
very  plainly. 


•Research  Engineer,  Westinghouse  Electric  &  Mfg.  Co..  East  Pitts- 

burgh.  Pa. 
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Brasses,  bronzes,  and  copper  are  given  to  us  in  two  different 
forms,  cast  and  worked.  The  cast  form  is  the  one  that  must  be 
made  first.  If  we  are  going  to  work  it,  it  must  1>e  cast  into  in¬ 
gots.  But  the  working,  consisting  of  rolling,  extruding  or  draw¬ 
ing,  causes  the  brasses  to  harden  more  quickly  than  the  ferrous 
metals.  The  art  of  hardening  copper  is  found  only  in  working 
the  copper  or  by  alloying  it  with  other  metals ;  we  have  no 
trouble  in  hardening  copper  by  work  and  by  alloying.  We  often 
hear  of  some  one  finding  the  long-lost  art  of  hardening  copper 
but  the  hardening  of  copper  without  work  or  adding  something 
to  it  in  the  form  of  an  alloy  is  a  myth. 

The  annealing  curves  shown  are  very  interesting  and  very 
much  to  the  point.  Several  years  ago  in  working  on  this  problem 
with  one  of  the  big  brass  manufacturers  I  was  in  the  laboratory 
of  their  metallurgist  and  he  showed  me  curves  similar  to  those  we 

o 

have  seen  to-night.  For  every  alloy  he  made  he  had  worked  out 
similar  curves,  not  for  publication  but  for  his  own  personal  use. 
He  showed  them  to  me  and  I  considered  it  a  great  favor  to  see 
such  curves,  and  it  gave  me  a  better  idea  than  I  had  ever  had  be¬ 
fore  of  the  effect  of  heat  on  the  non-ferrous  alloys.  In  addition 
to  the  curves  he  also  had  microphotographs  of  the  metals  at  dif¬ 
ferent  temperatures. 

At  one  time  we  had  a  great  deal  of  trouble  with  phosphor- 
bronze  wire.  It  would  snap  off  while  in  stock,  caused  by  cold 
drawing  or  cold  working  leaving  the  internal  stresses  that  caused 
it  to  go  to  pieces.  We  found  that  heating  to  the  low  temper¬ 
ature  of  200  degrees  C.  will  relieve  the  stresses  and  prevent 
the  material  from  breaking.  The  simple  operation  of  “cooking" 
or  of  heating  to  200  degrees  C.  for  two  hours,  renders  the  ma¬ 
terial  practically  free  from  internal  stresses  and  yet  does  not 
appreciably  reduce  its  physical  properties. 

The  curves  just  noted  give  a  good  explanation  of  why  this 
occurs. 

We  are  indebted  to  Mr.  White  for  his  most  admirable  paper. 
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Mr.  Max  Hecht:*  A  survey  of  the  literature  indicates  that 
a  vast  amount  of  effort  lias  been  applied  in  the  manufacture  of 
cartridge  cases.  Can  any  of  the  data  he  applied  to  the  problem  o* 
condenser  tubing? 

Engineers  in  power-plant  practice  are  turning  to  condensa¬ 
tion  of  steam,  and  utilizing  the  condensate  for  steam  generation. 
Condensers  are  installed  both  on  the  seaboard  and  in  unpolluted 
fresh- water  supplies,  with  gratifying  success.  The  question  of 
metal  composition  for  tubing  is  one  on  which  considerable  thought 
must  be  placed,  and  I  am  aware  that  every  large  user  of  con¬ 
denser  tubing  is  making  a  study  of  what  metal  to  use — ad¬ 
miralty,  70  per  cent,  copper  and  30  per  cent,  zinc,  “Muntz” 
metal,  or  pure  copper. 

Prior  to  1912,  I  do  not  believe  that  surface  condensers  were 
installed  in  the  Pittsburgh  district,  due  to  the  polluted  water- 
supply.  A  plant  scale  experiment  was  attempted  in  one  of  the 
large  steam  plants,  applying  various  metal  composition  tubing 
in  the  various  surface  condensers.  The  installation  included : 

One  shell  fitted  with  admiralty  tubes — 10  per  cent,  copper, 
29  per  cent,  zinc,  1  per  cent.  tin. 

One  shell  fitted  with  brass  tubes — Go  per  cent,  copper,  3*> 
per  cent,  zinc,  tin  coated  on  both  surfaces. 

One  shell  fitted  with  brass  tubes — Go  per  cent,  copper,  33 
per  cent,  zinc,  tin  coated  on  the  inner  surface. 

One  shell  fitted  with  copper  tubes — 99.8  per  cent,  copper. 

Shells  fitted  with  “Muntz”  metal  tubes — GO  per  cent,  copper. 
•10  per  cent.  zinc. 

After  seven  years  operation  the  replacement  of  tubing  was 
found  increasing  in  the  following  order — admiralty,  copper,  brass, 
“Muntz”  metal. 

Very  little  tin  was  noted  on  the  tin-covered  tubes.  Other 
than  periodic  cleaning  pf  condenser  tubes  for  economic  operation, 
no  mechanical  work  was  done  on  the  tubing. 


♦Chief  Chemist,  Puquesne  Light  Co.,  Pittsburgh. 
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i  he  water-supply  available  is  the  Ohio  River,  receiving  the 
varying  flows  of  the  Allegheny  and  Monongahela  Rivers.  The 
plant  in  question  is  located  about  2  A  miles  below  the  head  of 
the  Ohio.  This  supply  contains  all  the  industrial  and  domestic 
waste  of  the  entire  watersheds  of  both  rivers,  and  varies  in  its 
content  of  free  acids,  depending  upon  the  volume  discharge  of 
the  rivers.  I  believe  there  is  a  surface  condensing  plant  on  the 
Monongahela  River  between  Lock  1  and  the  Point,  but  no  in  for- 
mation  can  be  offered  as  to  the  successful  use  of  metal  in  con¬ 
denser  tubing. 

To  sum  up.  we  have  a  fresh- water  supply  in  the  Pittsburgh 
district,  polluted  with  mine  and  industrial  waste,  and  with  sew¬ 
age.  Can  the  tube  manufacturer  control  his  product,  and  produce 
tubing  with  the  lowest  practical  copper  content — physical  quali¬ 
ties  considered  together  with  proper  grain  hze — which  will  give 
sufficient  length  of  service,  or  mflst  the  user  make  a  greater 
initial  investment  and  use  tubing  with  the  higher  proper 
content  to  keep  away  front  leakage,  particularly  in  this  district? 

Mr.  A.  E.  White:  I  wish  I  could  answer  that  question.  I 
am  rather  definite  in  my  feeling  that  under  no  consideration 
should  we  use  GO- 40  tubes  in  the  Pittsburgh  district.  I  think  we 
ought  to  use  either  70-30  or  70-29-1.  By  60-40  I  mean  60  per 
cent,  of  copper  and  40  per  cent,  of  zinc,  and  by  70-29-1  I  mean 
70  per  cent,  of  copper.  29  per  cent,  of  zinc  and  1  per  cent,  of  tin. 
When  you  have  GO  parts  of  copper  and  40  of  zinc  you  have  an 
alloy  made  up  of  two  different  constituents.  You  have,  thereby, 
the  two  poles  necessary  in  an  electrical  circuit  with  an  accompany¬ 
ing  strong  pro! (ability  that  an  electrical  current  may  be  >et  up.  thus 
producing  corrosion.  With  a  70-30  composition  you  have  only 
one  solid  solution. 

In  the  Pittsburgh  district  I  would  recommend  a  rather  strict 
adherence  to  proper  grain  size,  for  the  reason  that  with  the 
grains  of  different  sizes  there  are  again  established  two  poles 
leading  to  the  same  trouble  as  just  indicated.  Also,  the  grains 
should  in  all  cases  be  small.  I  believe  one  can  to-day  buy  from 
manufacturers  tubes  in  which  grain  sizes,  at  a  magnification  of 
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75  diameters,  would  not  exceed  one-halt  inch.  When  material 
of  that  type  can  he  procured  it  is  unwise  to  get  material  wfth 
varying  grain  sizes. 

A  70-30  tube  has  merely  one  constituent.  A  ' 0-29-1  tube 
has  only  one  constituent.  The  supposed  advantage  of  tin.  briefly 
stated,  is  due  to  the  oxid  formed  over  the  surface  of  the  metal. 
This  acts  as  a  paint,  thereby  preventing  corrosion  ,f rom  pro¬ 
ceeding  further.  Whether  or  not  it  is  possible  for  the  water  in 
the  Pittsburgh  district  to  dissolve  that  oxid  I  am  not  prepared 
to  say,  but  I  am  very  definite  in  my  opinion  that  I  would  not 
wish  to  see  any  60-40  tubes  in  the  Pittsburgh  district,  and  I  would 
specify  either  70-30  or  70-29-1.  If  prices  were  the  same  I 
would  use  70-29-1. 

Mr.  W.  J.  Merten  :*  I  would  like  to  ask  the  speaker  whether 
the  sequence  of  the  annealing  temperature  cycle  and  the  results 
obtained  apply  to  manganese-bronze  castings,  and  I  would  also 
like  to  ask  what  is  the  effect  of  small  percentages  of  tin  in  brass 
with  reference  to  the  annealing  temperatures  as  determined  by 
him  and  given  in  this  paper. 

The  tin  has  appreciably  little  effect  on  the  annealing  tempera¬ 
tures,  at  least  within  the  limits  commercially  used.  Most  of 
the  manganese  bronzes  are  not  products  which  are  mechanically 
worked,  but  rather  are  products  which  have  undergone  no  me¬ 
chanical  working;  that  is.  they  are  castings.  You  have  grain  sizes 
which  are  too  large,  and  in  order  to  change  this  again  you  would 
have  to  go  to  the  first  law  of  a  higher  temperature.  The  higher 
temperature  is  a  liquid  state  and  therefore  you  get  no  appreciable 
change.  Heat  treatment  on  metal  in  such  a  state  would  have  no 
effect  on  grain  size.  To  be  sure,  there  are  internal  strains  due 
to  the  different  rates  in  the  cooling  of  different  parts  of  the  cast¬ 
ing.  Annealing  is  good  to  relieve  those  strains,  hut  annealing 
does  not  play  any  part  with  relation  to  change  of  grain  size. 

Isn’t  there  a  decided  influence  of  the  rate  of  cooling  from 
the  liquid  to  the  solid  upon  the  distribution  of  the  alpha  and  beta 
constituents  of  the  manganese  bronze? 

•Research  Engineer.  Westinghouse  Electric  X-  Mfg.  Co..  East  Pitts¬ 
burgh,  Pa. 
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Mr.  A.  E.  White:  Yes,  very  probably.  Of  course  your 
casting,  as  you  produce  it,  is  cooled  slowly  and  if  you  had  it 
above  that  horizontal,  line  that  was  shown  in  the  chart  and 
quenched  it  in  water  or  cooled  it  faster,  you  might  retain  added 
quantities  of  the  beta  constituent. 

Mr.  D.  1).  Pendleton  :  1  would  like  to  ask  you  if  in  your 

experience  you  have  found  any  advantage  from  tinning,  other  than 
the  temporary  protection  from  corrosion,  and  possibly  the  protec¬ 
tion  of  the  tube  from  erosion? 

Mr.  A.  E.  White:  I  have  had  little  experience  in  the  matter 
of  tubes  that  have  been  tinned,  hut  the  little  I  have  had  does  not 
indicate  any  great  advantage  in  tinning  the  tubes. 


APPRAISAL  OF  OIL  AND  LAS  PROPERTIES 


By  Roswell  H.  Johnson* 

The  business  of  oil  production  consists  in  buying  an  un¬ 
known  amount  of  oil  to  be  produced  at  an  unknown  cost  and  to 
be  sold  at  unknown  times  at  an  unknown  price.  I  bis  is  true 
whether  producing  wells  or  undrilled  lands  are  bought.  1  he  dif¬ 
ference  lies  in  that  the  probable  error  is  much  greater  in  the 
latter  case.  The  essence  of  the  oil  business,  then,  consists  in 
the  determination  of  these  unknown  quantities  with  the  least 
possible  error.  That  is  to  say,  the  cost  of  production,  the 
time  at  which  the  oil  will  he  sold,  the  price  at  which  it  will  be  sold 
and  above  all  the  amount  which  will  be  sold  must  be  estimated, 
and,  from  these  estimates,  the  sum  that  one  should  pay  to  obtain 
the  property  is  to  be  determined.  Is  it  not  evident,  then,  that 
appraisal  is  the  very  core  of  the  oil  and  gas  business? 

In  many  other  businesses,  success  in  reducing  cost  is  a 
main  consideration.  In  this  business,  the  question  of  more  or 
less  cost  of  maintenance  is  far  less  important  than  the  ques¬ 
tion  of  the  amount  of  oil  to  he  produced,  owing  to  the  fact 
that  small  wells  cost  almost  the  same  as  large  ones,  both  to  drill 
and  to  operate,  and  that  the  variation  for  any  one  type  of  well 
is  not  great.  While  the  truth  of  this  statement  would  seem 
obvious,  it  is  nevertheless  a  fact  that  many  operators  determine 
the  price  at  which  they  will  buy  a  property  merely  on  the  basis 
of  what  others  pay,  being  content  merely  to  conform  or  to 
imitate.  This  unbusiness-like  procedure  is  disguised  so  as  to 
seem  a  more  helpful  process  than  it  really  is.  by  the  method  of 
establishing  a  unit  of  the  “barrel  day” ;  that  is,  the  number  of 
barrels  produced  by  the  property  per  day  is  multiplied  by  this 
unit  to  determine  the  value  of  the  property.  It  is,  of  course, 
obvious  that  such  a  course  merely  takes  a  price  that  has  been 
paid  in  the  past  and  assumes  that  the  purchasers  paid  a  proper 

♦Johnson.  Huntley  &  Somers,  Oil  and  Gas  Geologists  and  Appraisers. 
University  of  Pittsburgh,  Pittsburgh. 
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value.  It  evades  true  appraisal.  The  successful  executive  is, 
of  course,  concerned  in  finding  how  much  this  current  price  differs 
from  a  sound  price.  Knowledge  merely  of  the  current  price 
gives  him  no  proper  guide  as  to  whether  a  certain  property 
should  be  bought,  nor  does  it  indicate  the  field  in  which  it  would 
be  most  profitable  to  make  purchases. 

A  second  substitute  for  true  appraisal  on  the  part  of  some 
operators  is  the  rule  to  pay  as  much  for  a  property  as  will  be 
received  for  the  oil  in  a  certain  length  of  time,  based  on  the 
assumption,  of  course,  that  a  certain  percentage  of  the  total  ul¬ 
timate  amount  of  oil  will  be  produced  in  that  time.  Notice  that 
this  is  not  expressed  in  money,  but  in  time,  and  that  this  time 
represents  merely  an  opinion  that  such  a  proportion  of  oil  will 
be  produced  during  this  period,  and  that  such  a  proportion 
of  the  total  revenues  constitutes  a  proper  value  of  the  property. 
Such  a  method  cannot  be  considered  true  appraisal,  and  it  re¬ 
tards  the  progress  of  fhe  art  of  appraisal. 

True  appraisal  of  oil  properties  is  relatively  new.  It  was 
first  utilized  on  an  important  scale,  so  far  as  known  to  me, 
in  the  California  fields.  The  method  was  adapted  from  the 
mining  industry;  a  mining  engineer,  Mr.  M.  L.  Requa,  playing 
an  important  part  in  the  development  of  the  methods  in  these 
early  appraisals. 

True  appraisals,  based  upon  .the  returns  which  a  property 
will  make,  fall  under  two  heads — the  volumetric  method  and  the 
production-curve  method. 

In  the  volumetric  method  an  estimated  profit  for  each  barrel 
is  first  calculated  and  it  is  at  this  point  that  one  of  the  greatest 
weaknesses  of  the  volumetric  method  appears,  because  the  profit 
per  barrel  differs  so  greatly,  depending  on  the  time  when  the 
barrel  is  produced  and  on  the  size  of  the  well.  With  this  figure 
in  mind,  the  volume  of  the  pay  and  its  porosity  is  determined. 
From  the  volume  of  voids  thus  calculated,  with  the  deduction 
of  a  percentage  which  it  is  supposed  does  not  contain  oil,  and 
with  a  further  deduction  of  the  percentage  of  oil  which  is 
supposed  not  to  be  extractable  by  the  method  that  will  probably 
be  employed,  the  amount  which  is  to  be  extracted  is  calculated. 
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This  amount,  times  the  profit  per  barrel,  equals  the  undiscounted 
value.  This  value,  however,  cannot  be  rationally  discounted  to 
obtain  present  worth  because  no  production  curve  is  used  from 
which  to  ascertain  the  date  at  which  the  oil  will  be  produced. 

From  the  work  of  Chambrier*  in  the  Alsatian  fields  which 
do  not  seem  to  be  peculiar  in  the  nature  of  their  oil  sands — it 
has  been  found  that  only  17  per  cent,  of  the  oil  was  extracted 
by  the  ordinary  methods.  It  is  because  of  the  importance  and 
uncertainty  of  this  deduction  for  non-extractability  and  be¬ 
cause  of  its  weakness  in  the  matter  of  compound  discount  that 
this  volumetric  method  has  very  nearly  fallen  into  disuse. 

This  brings  us,  then,  to  the  production-curve  method,  or 
as  it.  is  sometimes  called,  the  annual  analytic  method.  This 
method  is  to  ascertain;  the  yield  in  each  future  year,  the  cost 
for  each  year,  and  thus  the  profit  for  each  successive  year.  The 
profit  of  each  year  is  then  separately  discounted  and  is  then  added 
to  obtain  the  present  value  of  the  expected  profit.  To  the  result 
will  be  added  the  discounted  salvage  value.  It  does  not  seem 
possible  that  a  rational  value  can  be  obtained  with  any  less  labor 
than  this. 

The  purpose  of  this  paper  is  to  urge  the  wide  practice  of 
this  method.  The  reason  why  this  method  was  not  practised 
earlier  than  it  was,  was  the  general  feeling  that  the  uncertainty 
of  production  was  so  great  that  a  curve  of  its  future  history 
could  not  be  drawn  within  sufficiently  reasonable  limits  of  error. 
The  collection  of  very  many  production  curves  has  now  shown, 
however,  that  the  production  curve  is  far  more  systematic  than 
was  supposed.  In  fact,  a  curve  can  be  drawn  according  to  oik* 
formula  that  will  give  an  appraisal  value  much  more  closely 
than  any  other  method  can  give  to  the  actual  value  as  eventually 
disclosed.  The  discovery  bv  Lewis  and  Real  that  this  curve 
is  so  near  a  hyperbola  has  been  the  most  important  step  forward 
in  appraisal  since  the  work  of  Requa. 

Given  the  history  of  three  or  four  years  of  any  particular 

*“La  Source  de  p  trole  jaillissante  de  Pechelbronn,”  by  Paul  de 
Chambrier.  (In  Bulletin  de  la  Soci6*6  d’Encouragement  pour  l’lndustrie 
Nationale,  1920,  v.  132,  p.  458-463.) 
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well,  its  future  can  now  be  constructed  by  graphically  extrapola¬ 
ting  the  line  on  the  theory  that  it  is  a  hyperbola,  as  described 
in  the  “Manual  for  the  Oil  and  Gas  Industry”*  which  is 
issued  by  the  Treasury  Department.  If  a  shorter  record  is 
available,  a  shorter  time  unit  such  as  half  years,  quarters,  or 
even  months  may  be  employed,  although  the  error  is,  of  course, 
thereby  somewhat  increased.  The  greatest  difficulty  about  this 
lies  in  the  fact  that  individual  well  histories  are  not  readily  ob¬ 
tainable,  so  that  generally  one  merely  has  the  history  of  the 
production  of  a  lease.  In  the  earlier  years  the  number  of  wells 
on  the  lease  is  increasing,  so  that  the  average  well  is  not  the 
same  thing  but  is  itself  changing  until  all  are  drilled,  and  in 
the  very  late  years  we  find  the  selective  abandonment  of  well 
after  well,  which  again  changes  the  make-up  of  the  average 
well.  Therefore,  it  is  not  until  the  wells  on  the  lease  and  those 
on  the  adjoining  leases  have  been  drilled  that  the  production 
curve  is  regular ;  and  then  it  ceases  to  be,  when  abandonments 
begin.  It  is  probable  that  henceforth  the  records  of  individual 
wells  will  be  kept  very  much  more  frequently  than  in  the  past 
to  make  more  accurate  appraisals  possible. 

Where  sufficient  history  of  any  one  well  is  not  known  so 
that  the  curve  can  be  readily  extrapolated,  it  is  customary  to 
build  a  composite  curve  of  the  wells  in  that  pool  or  in  a  pool 
where  conditions  are  as  analogous  as  possible.  These  composite 
curves  are  usually  constructed  on  the  basis  of  Lewis  and  Beal's 
“Law  of  Equal  Expectation,”  which  states  that  the  wells  of  any 
given  size  in  one  pool  may  in  the  future  be  expected  to  produce 
the  same  amounts  of  oil  on  the  average  regardless  of  age.  The 
graphic  method  devised  by  them  for  utilizing  this  rule  is  well 
described  in  the  current  “Manual  of  the  Oil  and  Gas  Industry” 
already  referred  to,  and  therefore  will  not  be  described  here 
This  curve  gives  results  fairly  similar  to  another  method  some- 
dimes  referred  to  as  “Darnell’s  method”  or  the  “segmental 
method,”  which,  however,  is  also  based  on  the  “Law  of  Equal 
Expectations,”  and  being  open  to  the  same  criticism,  is  not  here 
detailed. 


♦Manual  for  the  Oil  and  Gas  Industry  under  the  Revenue  Act  of 
191S.  revised  August.  1921.  1921.  United  States  Internal  Revenue  Office, 

Washington,  D.  C. 
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Time  is  tar  too  important  a  factor  to  be  ignored  as  it  is 
in  the  Law  of  Equal  Expectations,  because  the  small  wells  that 
are  used  are  young  edge  wells,  not  oid  average  wells.  Appraisal 
methods,  except  uhere  the  limitation  of  time  does  not  permit, 
should,  therefore,  lie  based  on  three  variables,  one  of  these  being 
age.  The  method  which  recognizes  three  variables  has  been 
called  the  “Age-Size  Method"  and  was  proposed  by  the  author 
at  the  meeting  of  the  American  Association  of  Petroleum  Geo¬ 
logists  in  11)21.  it  consists  of  plotting  the  production  of  the 
wells  of  the  group  in  the  second  year  against  the  production 
of  these  same  wells  for  the  first  year,  the  third  year  against  the 
second  year,  the  fourth  year  against  the  third  year,  etc.  A 
smoothed  line  is  drawn  through  the  dots  in  each  of  these 
“scatter  diagrams."  Erom  these  curves,  the  production  for  the 
second  year  of  any  intermediate  sized  well  can  then  be  read 
from  the  first  curve,  and  with  this  reading  the  production  for 
the  third  year  can  be  read  from  the  second  curve,  etc.  The  time 
consumed  in  this  method  is  only  slightly  in  excess  of  the  “seg¬ 
mental  method"  and  less  than  twice  that  taken  for  the  “family 
or  shingling  method."  The  result  justifies  it,  except  where  a 
great  deal  of  appraisal  must  be  done  at  small  expense,  as  for 
taxation  or  where  the  data  are  too  scanty. 

When  a  well  in  a  new  field  must  he  appraised  before  it" 
records  are  available,  the  essential  features  of  the  field  must 
be  compared  with  other  fields,  and  the  record  of  the  most  ana¬ 
logous  case  must  be  used. 

To  obtain  the  cost  of  maintenance  of  the  given  well,  the 
unit  of  cost  which  should  be  employed  is  the  cost  of  one  well 
for  a  year.  This  is  very  much  more  constant  than  the  cost 
of  producing  a  barrel,  since  the  cost  of  producing  a  barrel  is 
relatively  slight  in  a  large  well  and  is  high  in. a  small  well.  After 
knowing  the  number  of  wells  and  the  well-day  cost  and  the 
size  of  the  wells,  the  barrel-day  cost  is  then  worked  out  separately 
for  each  of  the  successive  years 

1'he  well-dav  cost  is  sometimes  taken  as  a  fixture  through 
the  several  years,  or,  where  the  data  indicate,  a  predicted  curve 
of  change  in  its  cost  may  be  used. 


40 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Mar. 


To  assume  that  the  price  of  oil  will  remain  constant  is  so 
surely  erroneous  that  the  appraiser  should  adopt  some  curve 
of  changing  price.  This  curve  will  he  based  on  the  one  hand 
on  ihe  sun  j  of  the  trends  of  price  and  of  its  factors  in  the 
past  (such  as  are  given  in  Pogue’s  “Economics  of  Petroleum”*), 
on  the  current  production  statistics  for  their  bearing  on  pro¬ 
duction  in  the  near  future;  on  the  consumption  outlook;  and, 
most  important  of  all,  on  the  estimate  of  petroleum  reserves 
that  are  available.  For  this  last  purpose,  the  appraiser  can  use 
to  very  good  advantage  a  wide  knowledge  of  the  geological  condi¬ 
tions  of  all  fields  and  should  follow  the  current  literature  of  oil¬ 
field  development  with  this  in  mind.  The  very  fact  that  one’s 
own  ideas  of  future  price  change  from  time  to  time,  and  that  the 
present  price  curve  shows  a  high  probable  error  in  the  past  price 
predictions  that  were  made,  by  no  means  indicates  that  price 
prediction  can  be  neglected,  for  past  assumptions  of  flat  price 
have  been  even  more  in  error.  It  is  certain  that  the  price  of 
oil  at  the  present  time  is  under  the  influence  of  the  law  of 
diminishing  returns,  and  that  it  will,  on  the  whole,  increase  in 
value  and  at  not  a  slow  rate.  Our  task  is  no  longer  to  determine 
if  it  will  auvance  but  to  determine  the  curve  of  its  advance. 

The  outlook  for  the  potential  competing  commodities  is 
well  reviewed  in  a  recent  book  entitled  “Gasoline  and  Other 
Motor  Fuels, ”7  p.  505-595.  It  is  obvious  that  the  appraiser  must 
keep  abreast  of  all  changes  in  the  technology  and  economics  of 
these  potential  competitors,  as  they  will  determine  in  large  part 
the  upper  limits  of  the  oncoming  advance  in  price.  It  is  true 
that  at  this  time  (March  1922)  the  production  of  the  United 
States  is  unprecedentedly  large,  that  oil  is  being  imported  from 
Mexico  in  great  volume  and  that  a  condition  of  over-production 
now  exists.  Yet  I  venture  the  conclusion  that  oil  must  increase 
in  cost,  because  the  Mexican  pool  now  responsible  for  this  large 
production  is  a  reserve  which  is  being  so  rapidly  depleted  that 
it  will  be  nearly  exhausted  this  summer,  and  the  new  pools 
which  are  now  being  developed  in  the  United  States  and  Mexico 

♦Economics  of  Petroleum,  by  Joseph  E.  Pogue.  1921.  Wiley,  New 

York. 

tGasoline  and  Other  Motor  Fuels,  by  Carleton  Ellis  and  Joseph 
V.  Meigs.  1921.  Van  Nostrand,  New  York. 
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are  being  developed  at  the  cost  of  more  and  more  extensive  wild 
catting.  The  chances  of  success  of  the  new  wild  cats  in  both 
countries  are  decreasing  at  a  considerable  rate.  Most  of  the 
recent  large  new  pools  were  not  drilled  in  areas  of  very  high 
promise  and  there  was  considerable  chance  of  failure. 

The  appraiser  nearly  always  assumes  that  the  technique  of 
producing  oil  will  remain  constant;  but  an  examination  should 
be  made  to  ascertain  whether  the  conditions  are  particularly 
promising  for  the  utilization  of  water-drive,  pressure  restoration 
by  air,  or  treatment  for  paraffin ;  any  one  of  which  might  change 
the  life  and  yield  of  the  property.  There  are,  of  course,  also 
possible  future  developments  of  technique  not  now  foreseen, 
but  it  would  be  best  not  to  add  anything  to  the  value  for  this 
possibility. 

The  estimated  profits  of  each  future  year  must  be  reduced  to 
present  value  by  being  multiplied  by  a  compound  discount  factor. 
The  rate  of  interest  in  this  compound  discount  factor  may  prop¬ 
erly  vary  with  the  financial  and  industrial  position  of  the  com¬ 
pany.  For  the  average  company,  10  per  cent,  is  often  used, 
but  it  is  not  safe  to  attempt  to  standardize  this  rate  at  this 
or  any  other  figure.  This  rate  bears  some  recognition,  of  course, 
of  the  hazards  of  the  oil  business  inasmuch  as  more  interest  muse 
be  paid  for  money  for  such  investments.  However,  owing  to 
the  .hazards  of  this  business,  money  cannot  be  raised  beyond  a 
fixed  percentage  of  the  value  at  such  a  rate  as  this.  The  re¬ 
maining  part  of  the  money  is  distinctly  speculative  and  is  in- 
duced  to  enter  the  business  with  that  object  in  view.  Interest 
rates  do  not  well  apply  to  this  portion  and  an  indemnity  for  the 
risk  must  be  paid  to  attract  it.  Some  appraisers  combine  this 
discount  for  risk  with  a  discount  factor  bv  making  the  com- 
pound  discount  higher  than  one  based  on  10  per  cent.,  but  it  is 
more  rational  to  add  a  discount  for  risk  instead,  as  there  seems 
no  good  reason  for  compounding  the  pure  risk  feature. 

So  far,  only  the  appraisal  of  wells  has  been  considered. 
When  we  pass  to  the  appraisal  of  lands  not  yet  drilled  it  be¬ 
comes  necessary;  first,  to  estimate  what  a  well  will  cost  to  com¬ 
plete;  second,  how  large  the  well  will  he;  and,  third,  how  much 
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such  a  well  would  be  worth  if  successful.  But  most  important 
of  all,  and  most  difficult,  is  the  percentage  chance  of  its  being 
successful.  In  determining  all  these  questions,  and  especially 
the  last,  all  the  art  and  science  of  the  petroleum  geologist  must 
be  called  forth.  It  is  not  merely  the  simple  matter  of  consulting 
a  structural  map  of  the  area  and  of  allowing  relative  values 
for  positions  on  the  structure  as  shown  on  the  exposed  beds, 
but  also  the  percentage  chance  of  these  zones,  and  therefore  it 
involves,  as  has  been  said,  the  entire  resources  of  the  petroleum 
geologist.  It  is  for  this  reason  that  for  the  appraisal  of  oil 
lands  one  must  not  only  have  a  training  in  appraisal  but  also 
a  geological  one  of  wide  application. 

One  device  which  is  especially  urged  is  that  of  record¬ 
ing,  before  the  results  are  known,  all  the  wells  that  are  being 
drilled  in  any  particular  area  and  classifying  them  under  several 
heads,  such  as  “inside  off-set  wells,”  ‘‘outside  off-set  wells,” 
“wild  cat  on  new  structure  previously  undrilled,”  “wild  cat. 
structural  conditions  unknown,”  etc.  The  percentage  result  for 
each  class  is  then  obtained  for  that  district.  The  important 
point  to  bear  in  mind  is  that  the  wells  should  be  classified  before 
the  result  is  known,  ^nd  all  wells  placed  in  one  category  or  an¬ 
other.  Trying  to  produce  such  statistics  by  working  backward 
does  not  give  reliable  results. 

The  appraisal  of  natural-gas  properties  is  much  more  diffi¬ 
cult  than  that  of  petroleum  properties  and  the  probable  error, 
in  spite  of  the  best  methods,  is  probably  roughly  twice  that  of 
petroleum.  The  first  and  greatest  difficulty  lies  in  the  fact  that 
whereas  with  oil  the  yield  is  normally  the  maximum  capacity, 
in  natural  gas  this  is  almost  never  so  but  is  only  a  fraction  of 
the  potential  yield,  depending  upon  the  ratio  between  line  pres¬ 
sure  and  well  pressure.  Whereas  the  well  pressure  is  regular 
as  to  time,  the  line  pressure  is  decidedly  irregular,  showing  not 
only  a  diurnal  and  a  seasonal  fluctuation,  but  also  erratic  changes 
due  to  weather  and  also  to  additional  gas  wells  being  connected 
to  or  disconnected  from  the  line,  not  to  mention  the  vicissitudes 
of  industrial  consumers  which  may  give  a  series  of  irregular 
changes.  In  postulating  the  future  yield  of  a  natural-gas  well, 
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it  is,  therefore,  necessary  to  postulate  a  history  as  to  the  sort 
of  “pull”  which  will  be  made  on  the  well. 

A  further  difficulty  arises  in  that,  whereas  the  yield  of  oil 
is  measured,  that  of  gas  more  frequently  than  not  is  unmeasured 
at  least  in  part.  The  yield  must  therefore  be  determined,  cal¬ 
culating  the  probable  yield  from  the  determination  of  open-flow 
capacity,  minute  pressure,  or  other  measurements  which  do  not 
measure  yield  but  which  are  merely  factors  in  yield.  Ordinarily 
our  best  resource  is  the  pressure  curve.  By  determining  as 
well  as  possible,  either  directly  or  by  analogy,  the  amount  of 
gas  which  has  been  yielded  by  the  loss  of  each  pound  of  pres¬ 
sure,  the  yield  can  be  estimated.  Care  should  be  taken  not 
to  assume  that  a  pound  loss  will  produce  the  same  amount  at 
different  pressure  levels  of  the  well.  A  pound-loss  curve  should 
be  constructed  for  as  many  gas  pools  as  possible  in  order  to  have 
a  range  of  pools  from  which  to  pick  the  most  analogous.  It  is 
now  known  that  in  some  pools  the  pounds  lost  later  in  the 
history  of  the  well  yielded  more  gas  and  in  others  less  gas.  When 
metering  is  done,  unless  it  is  done  right  at  the  well,  allowance 
must  1>e  made  for  leakage,  and,  even  when  the  gas  is  metered  at 
the  well,  errors  sometimes  arise  because  of  underground  leakage. 

In  conclusion,  the  hazards  of  the  oil  and  gas  industry  are 
so  great  that  men  are  prone  to  be  careless  and  fatalistic,  but  the 
amounts  at  stake  are  so  large  that  the  attitude  should,  on  the 
contrary,  be  one  of  determination  to  get  the  closest  approxima¬ 
tion  by  all  the  resources  of  petroleum  geology  and  statistical 
and  graphical  methods,  because  it  is  in  the  better  determina¬ 
tion  of  the  value  of  the  oil  and  gas  properties  that  are  to  be 
bought,  that  profitableness  in  the  oil  and  gas  business  can  be 
most  promoted. 


DISCUSSION 


Mr.  H.  D.  James,  Chairman:*  What  are  the  possibilities  in 
the  Hudson  Bay  district  and  in  Northwestern  Canada? 

Mr.  Roswell  H.  Johnson  :  There  is  an  area  of  some 
promise  adjoining  Hudson  Bay,  to  the  southwest.  There  are 
no  wells  there,  but  it  can  not  be  considered  hopeless  as  is  so 
much  of  Central  and  Eastern  Canada.  A  good  area  exists  in 
Northwestern  Canada;  the  Fort  Norman  field  comes  in  there. 

Mr.  H.  D.  James,  Chairman  :  Is  that  field  developed  to  any 
extent? 

Mr.  Roswell  H.  Johnson:  That  is  a  reserve  for  the  dis¬ 
tant  future. 

Mr.  W.  A.  Weldin  :j  Is  it  a  prediction  rather  than  a  mat¬ 
ter  of  present  knowledge?  Is  it  on  account  of  the  nature  of  the 
rock  and  not  on  account  of  any  wells  drilled  there? 

Mr.  Roswell  H.  Johnson  :  There  is  one  well  at  Fort  Nor¬ 
man  and  a  few  on  Peace  River,  but  economic  conditions  require 
higher  prices  than  the  present  ones. 

Mr.  Winters  Haydock  :i  Where  are  the  new  wells  re¬ 
cently  reported  in  Mexico  ? 

Mr.  Roswell  H.  Johnson  :  On  the  Isthmus  of  Tehuan¬ 
tepec. 

Mr.  Winters  Haydock:  Has  the  petroleum  geologist 
come  to  any  conclusion  as  to  how  soon  it  will  be  economically 
profitable  to  recover  oil  from  oil  shale? 


♦Manager,  Control  Engineering-  Department,  Westinghouse  Electric 
&  Mfg.  Co.,  East  Pittsburgh,  Pa. 

tBlum,  Weldin  &  Co.,  Pittsburgh. 

$Chief  Engineer,  Citizens  Committee  on  City  Plan  of  Pittsburgh, 
Pittsburgh. 
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Mr.  Roswell  H.  Johnson  :  In  my  opinion  oil  from  coal 
will  come  before  oil  from  shale.  There  is  no  really  economically 
successful  oil  shale  plant  in  the  United  States  to  my  knowl¬ 
edge.  The  Elko,  New,  plant  is  coming  the  nearest  to  it ;  but 
my  understanding  is  that  it  is  being  nursed  and  is  not  an  inde¬ 
pendent  economic  venture.  On  the  other  hand  I  am  informed 
that  the  International  Coal  Products  Company,  of  Clinchfiehl, 
Ya.,  is  now  getting  oil  from  coal,  and  selling  the  retorted  coal 
briquetted  at  a  profit.  I  believe  it  will  be  four  or  five  years 
before  oil  from  shale  in  large  quantities,  will  be  produced.  I 
call  attention  to  the  fact  that  if  we  want  to  get  anywhere  near 
this  tremendous  volume  of  petroluem  we  are  using  now  we 
will  have  to  build  an  enormous  number  of  retorts,  and  it  takes 
a  large  retort  because  of  the  bulk  of  the  residue.  Because  of 
that  fact  and  the  amount  of  capital  to  make  the  necessary  equip¬ 
ment  to  cause  shale  oil  to  cut  in  on  the  petroleum  market  to 
any  important  degree,  it  would  take  a  long  time  even  after  the 
price  has  reached  the  required  level. 


APPLICATION  OF  APPRAISAL  METHODS  FOR  RATE 
MAKING,  FEDERAL  TAXATION,  AND  COMMERCIAL 

PURPOSES 


By  Paul  Ruedemann* 

FOR  RATE  MAKING 

Purpose  of  Appraisals.  An  enterprise  seeks  an  increase 
in  rates  when  the  earnings  resulting  from  existing  rates  are 
inadequate  and  do  not  permit  a  reasonable  return  on  the  invest¬ 
ment.  A  natural-gas  utility,  because  its  business  is  to  sell  a 
commodity  which  cannot  be  reproduced,  must  explore  and  ex¬ 
pose  sufficient  quantities  of  the  product  to  maintain  its  corporate 
existence.  Increasing  labor  costs,  cost  of  operation,  and  in¬ 
vestment  requirements  force  the  company  to  guard  the  safety 
of  the  investments  by  a  greater  return. 

Natural-gas  companies  are  public  utilities  and  as  such  are 
required  to  request  changes  in  rates  through  a  state  commission 
known  as  a  public  utilities  commission,  or  public  service  com¬ 
mission.  This  body  is  made  up  of  engineers  chosen  to  examine 
valuations  and  pass  upon  the  justness  of  the  claim  for  rate 
increase. 

Every  rate  adjustment  must  comprehend  other  considera¬ 
tions  aside  from  a  return  of  investment.  The  components  of 
a  rate  are  many  but  can  be  broadly  divided  into  four  groups : 

1.  A  reasonable  interest  on  the  investment. 

2.  Covering  of  current  operating  expenses,  including  re¬ 
pairs  and  replacements  not  in  the  nature  of  capital 
expenditures. 

3.  An  annuity  or  amount  toward  redemption  of  capital 
which  will  eventually  return  the  investment. 

4.  A  return  for  the  intangible  values  involved  in  the  busi¬ 
ness  such  as  going  concern,  going  value,  etc. 


♦Geologist  and  Appraiser,  Johnson,  Huntley  &  Somers,  Pittsburgh. 
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1 1  hy  Methods  Applicable  Elsewhere  Have  Xot  Been  Adopted. 
In  general,  the  methods  used  for  valuation  in  other  fields  are 
adaptable  to  rate  making.  This  is  primarily  true  in  the  ease  of 
physical  property.  However,  the  gas  reserves  are  not  valued  on 
the  basis  of  probable  earnings  to  be  derived  therefrom  but  on 
an  arbitrary  acreage  basis. 

As  with  the  legal  profession,  precedent  establishes  the 
course  of  procedure  in  settling  rate  claims.  The  annual  analyti¬ 
cal  method  of  appraisal  as  applying  to  gas  reserves,  has  been 
developed  only  in  the  last  four  or  five  years.  To  the  writer’s 
knowledge  no  attempt  has  been  made  to  gain  recognition  of 
these  principles  before  a  public  service  commission. 

A  handicap  to  be  expected  in  attempting  to  introduce  refined 
appraisal  in  rate  making  is  the  acceptance  of  a  price  scale. 
Kuture  earnings  depend  upon  future  prices,  and  such  prices 
can  be  obtained  only  through  the  approval  of  the  commission. 
However,  the  gradual  change  of  supply  to  demand,  along  with 
other  economic  conditions,  has  in  the  past  necessitated  price 
changes  which  when  arranged  in  graphical  form  show  a  tendency 
to  increase  at  a  nearly  exponential  rate — exponential  rate  being 
a  uniform  percentage  of  the  preceding  year,  much  on  the  order 
of  compounding  interest.  A  price  change  can  continue  to  be 
anticipated  until  a  certain  limit  is  reached.  This  limit  is  not 
likely  to  come  within  the  period  covered  by  the  life  of  any 
wells  operated  at  present. 

Advantages  and  Disadvantages  of  Present  Method.  Until 
such  a  time  as  the  analytical  appraisal  methods  are  applied  for 
rate  making  in  connection  with  natural-gas  properties,  the  gas 
reserve  value  will  be  an  arbitrary  amount  not  related  to  the 
resources  available  or  the  income  to  be  derived  therefrom. 

If  a  standardization  of  appraisal  methods  could  he  effected, 
the  gas  company  would  have  data  useful  for  more  than  one  pur¬ 
pose.  The  present  method  of  arbitrarily  fixing  acreage  values  is 
rapid,  and  consequently  saves  expense  in  the  compilation  of  the 
report. 

Probable  Future  Recognition  of  More  Refined  Principles. 
As  soon  as  the  engineer  for  the  natural-gas  company  fully 
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grasps  the  significance  of  analytical  appraisal  it  will  no  doubt 
be  more  generally  used.  It  will  require  manipulation  differing 
slightly  from  that  of  oil  companies.  This  is  true  only  for  com¬ 
panies  acting  as  producers  and  marketers.  The  difference  arises 
due  to  a  wasting  asset  and  a  semi-permanent  asset.  The  gas 
reserves  in  sight  at  any  one  time  are  limited  to  the  time  neces¬ 
sary  for  recovery.  It  is  not  so  with  transportation  and  distri¬ 
bution  equipment.  Much  of  this  equipment  is  in  the  nature  of 
permanent  investments,  complete  deterioration  being  forestalled 
by  repairs  and  replacements ;  thus  this  equipment  is  in  a  general 
uniform  condition  of  usefulness  much  on  the  order  of  a  well, 
maintained  railroad.  In  consequence,  of  the  two  classes  of 
company  assets,  a  separation  becomes  essential  when  applying 
analytical  methods  of  appraisal.  The  producing  system  has  a 
value  of  gas  reserves  dependent  upon  future  returns  therefrom. 
The  equipment  necessary  to  the  operation  thereof  is  a  part  of  this 
value,  and  not  in  addition  thereto  as  it  ceases  to  be  of  service 
after  the  gas  is  recovered.  On  the  other  hand,  the  value  of  the 
equipment  of  the  transportation  and  distribution  system  is  a 
part  of  the  valuation  fixed  on  future  earnings  derived  from 
these  systems  only  to  the  extent  of  maintenance  costs  and  de¬ 
preciation.  The  value  of  the  equipment  is  in  excess  of  the 
value  mentioned  above.  This  comes  about  through  its  •  semi¬ 
permanent  nature. 

Application  of  more  scientific  methods  of  appraisal  for 
rate  making  depends  entirely  upon  the  energy  and  force  with 
which  engineers  demand  recognition  thereof. 


FOR  FEDERAL  TAXATION 

Difference  from  Other  Appraisals.  A  valuation  of  a  com¬ 
pany’s  holdings  for  federal  taxation  differs  from  one  made 
for  either  commercial  or  rate-making  purposes.  The  differences 
should  be  theoretically  non-existent,  for  a  property  should  have 
but  one  fixed  value.  The  examining  bodies,  however,  because  of 
precedent  or  desire  to  avoid  complications,  limit  the  freedom 
essential  to  a  correct  valuation.  For  rate  making  the  limita- 
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tions  have  been  mentioned.  In  the  case  of  federal  taxation 
valuations  the  primary  difference  from  all  others  is  the  price 
increase  and  the  discount  factor. 

In  natural  gas,  for  the  present,  an  increase  in  price  can 
be  taken  only  if  it  is  a  uniform  percentage  over  a  given  year. 
On  a  graph  this  would  be  a  straight  line.  For  commercial  ap¬ 
praisal  the  increase  might  be  exponential  or  on  some  other  type 
of  curve.  Thus  gas  holdings  generally  get  less  value  for  federal 
taxation  than  for  the  purpose  of  purchase  or  sale. 

For  oil  holdings  a  difference  also  arises  in  price  predictions. 
Where  appraisal  by  analytical  methods  is  permissible  the  price 
used  must  be  without  increase.  Here  again  the  value  becomes 
generally  less  than  where  predictions  are  made.  There  are 
instances,  however,  where  the  value  becomes  much  greater,  as 
for  example  the  use  of  a  price  of  $6.10  without  change  in 
1921  when  a  drop  was  foreseen.  This  results  in  a  large  dif¬ 
ference  on  new  wells  where  most  of  the  production  is  recovered 
before  the  price  goes  up. 

Commercially,  there  would  be  more  refinement  introduced, 
at  least  to  the  extent  of  justifying  the  factor  by  the  conditions 
requiring  its  use.  The  differences  in  discount  factors  to  use 
are  not  so  great  and  do  not  affect  the  final  results  so  decidedly. 

Purposes  of  Appraisals.  There  are  numerous  reasons  whv 
valuations  are  required.  Of  these  reasons,  the  following  might 
he  mentioned  : 

1.  To  establish  valuations  as  of  March  1,  1913,  for  de¬ 
pletion  deductions. 

2.  To  establish  valuations  within  30  days  of  discovery, 

for  depletion  deductions. 

3.  In  some  cases  to  set  up  equipment  valuation  for  the 
purpose  of  depreciation. 

4.  To  ascertain  whether  the  cash  value  of  property  on 
Tan.  1,  1914,  or  the  par  value  of  the  stock  or  shares 
issued  therefor,  is  the  lower  (This  is  seldom  neces¬ 
sary). 

To  determine  invested  capital  for  assets  paid  in  for 
stock  or  shares,  where  a  property  has  been  received 
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as  a  gift  or  paid  into  a  corporation  for  clearly  and  sub¬ 
stantially  less  than  its  value. 

G.  To  fix  the  value  of  intangible  assets  for  invested 
capital,  if  permissible. 

7.  To  find  the  profit  and  loss  from  the  sale  of  capital 
assets. 

8.  T  o  establish  the  value  of  assets  acquired  in  reorgani¬ 
zation,  merger,  consolidation,  or  other  change  of  owner¬ 
ship,  subject  to  valuation  as  provided  for  in  the  act. 

The  last  is  the  least  considered,  but  is  one  of  the  most  im¬ 
portant.  Many  large  corporations  have  been  built  up  by  a 
process  of  absorption,  through  merger  or  otherwise,  of  smaller 
companies.  Through  failure  to  recognize  this  fact  the  com¬ 
panies  not  only  present  their  case  incorrectly  but  sacrifice  con¬ 
siderable  in  depletion  deductions,  etc.  The  benefit  arises  mostly 
through  the  purpose  and  application  of  the  valuations.  Those 
made  for  the  discovery  date  of  March  1,  1913,  are  for  the 
calculation  of  depletion  deductions  only.  The  valuation  cannot 
be  taken  as  invested  capital.  On  the  other  hand,  a  valuation 
made  for  the  purpose  of  finding  the  value  of  assets  involved  in 
change  of  ownership  is  for  invested  capital  and,  consequently, 
under  the  law,  gets  the  benefits  which  accrue  to  invested  capital. 
These  differ  from  the  March  1,  1913,  discovery  values  in  that, 
being  invested  capital,  they  can  be  used  in  fixing  the  credits 
allowable  for  excess  profits ;  also,  depletion  and  depreciation 
are  permissible  as  a  deduction  in  1916  and  1917  on  these  values. 
There  are  several  other  minor  benefits  which  develop  in  the 
tax  accounting.  Since  the  transfer  comes  after  March  1, 
1913,  there  are  more  wells  to  be  valued  than  at  the 
former  date.  It  therefore  devolves  upon  the  company  to  present 
full  details  of  the  various  mergers,  etc.,  to  the  commission  in 
order  to  get  its  case  correctly  settled. 

To  offset  the  benefits  derived,  there  is  a  tax  to  be  paid  on 
the  profit  from  the  sale  of  capital  assets.  If  the  transfer  occurred 
between  1913  and  1917  it  is  almost  negligible,  as  the  tax  is 
less  than  two  per  cent.,  while  the  excess-profits  credits  are  eight 
per  cent,  per  annum.  Furthermore,  the  profit  is  determined 
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as  the  difference  between  the  value  on  March  1,  1913,  and  t lie 
value  on  the  date  of  transfer.  Another  loss  is  that  the  date  of 
acquisition  for  determining  discovery  rights  is  changed  from 
the  date  of  original  acquisition  to  the  date  of  transfer.  1'his 
handicap  is  not  as  costly  as  one  would  suspect  when  the  develop¬ 
ment  of  new  sands  and  pools  is  taken  into  account.  It  can  safely 
he  stated  that  a  valuation  for  invested  capital  is  far  superior 
to  one  for  March  1,  1913. 

Valuation  Methods  for  March  /.  Wld.  In  localities  where 
many  sales  have  been  consummated,  the  barrel-day  method  of 
valuation  is  preferable  for  oil  properties.  Under  some  circum¬ 
stances  the  analytical  appraisal  may  be  used. 

For  gas  properties  the  analytical  methods  are  acceptable 
at  any  time,  due  to  the  fact  that  few  sales  meet  the  condition  of 
willing  seller  and  willing  buyer. 

]\iluation  Methods  for  Discovery  Wells.  For  oil  properties, 
the  barrel-day  method  is  abvisable  under  certain  conditions ; 
especially  those  found  in  the  Ranger  field  where  transfer  prices 
far  exceed  the  value  determinable  by  application  of  analytical 
principles.  From  these  valuations  all  element  of  speculation  must 
be  removed.  As  a  rule  it  is  impossible  to  apply  any  except  the 
analytical  methods  because  few  sales  of  flush  production  occur. 

For  gas  wells  the  analytical  method  is  most  commonly 
used.  There  are  few  sales,  and  these  seldom  at  a  value  com¬ 
mensurate  with  probable  returns.  Valuations  made  by  acre 
yield  or  other  methods  must  be  substantiated  and  this  is  possible 
only  by  the  analytical  method. 

Unsound  Valuations  Often  Accepted.  The  fact  that  the 
government  accepts  a  valuation  is  not  always  a  criterion  that 
other  valuations  can  be  based  on  the  same  principles.  Frequently 
a  taxpayer  claims  much  less  than  his  competitors  in  the  same 
field  and  the  report  goes  through  because  of  the  reasonableness  of 
the  claims.  At  other  times  a  valuation  is  very  poorly  made  but 
the  results  agree  with  those  considered  reasonable  by  the  engi¬ 
neers  in  Washington.  This  action  is  necessitated  by  the  desire  to 
achieve  standardization  in  values  and  unit  costs. 
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An  engineer  who  introduces  short  cuts  which  are  con¬ 
trary  to  the  principles  of  sound  analytical  appraisal  jeopardizes 
the  possibility  of  acceptance.  A  report  may  once  pass  with 
the  short  cuts,  no/t  because  they  are  recognized  but  merely 
because  the  claim  is  reasonable.  However,  should  the  claim 
he  larger  than  is  customary  the  engineers  have  an  immediate 
basis  for  rejection  in  the  unsound  short  cuts.  It  is  therefore 
advisable  to  carry  out  all  the  steps  carefully  and  conscientiously, 
and  thus  eliminate  any  possible  grounds  for  rejection  should 
the  results  be  higher  than  usual. 

FOR  COMMERCIAL  APPRAISALS 

Method.  Only  one  method  of  appraisal  is  recognized  as 
sufficiently  accurate  to  use  for  commercial  purposes  and  this 
is  the  annual  analytical  method. 

Practical  Uses.  Since  federal  taxation  valuations  became 
a  necessity,  the  way  has  been  paved  for  the  use  of  greater  re¬ 
finement  in  commercial  appraisals. 

The  need  for  valuations  occurs  many  times  but  is  not  recog¬ 
nized  frequently  enough.  There  are  several  uses: 

1.  To  determine  the  value  of  a  property  under  disposal 
or  purchase. 

2.  To  find  out  if,  under  prevailing  market  conditions,  it 
would  be  more  profitable  to  operate  or  to  sell. 

3.  To  check  the  value  of  assets  against  the  market  value 
of  the  stock. 

In  the  first  case,  before  closing  the  deal,  the  vendor  or 
vendee,  or  both,  should  find  out  the  probable  net  return  from 
the  sale  of  the  oil  and  gas  Many  of  the  Osage-,  Oklahoma, 
holdings  purchased  at  high  bonuses  before  our  entrance  into  the 
war  never  would  have  paid  out  had  there  not  been  an  unprece¬ 
dented  increase  in  prices.  Numerous  transfers  made  at  the  time  of 
the  recent  peak  of  prices  resulted  in  profit  to  the  vendor  far 
above  that  possible  operation  of  the  holdings.  Owners  who  had 
been  making  a  close  study  of  economic  conditions  realized  this 
and  hastened  to  dispose  of  some  holdings. 
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Company  officials  have  failed  to  appreciate  the  possibilities 
of  barter  as  a  source  of  increased  returns.  An  appraisal  de¬ 
partment  should  be  maintained  and  operated  either  as  a 

separate  unit  or  in  connection  with  the  geological  depart¬ 
ment.  By  proper  organization  it  ought  to  be  possible  tor  the 

engineer  in  charge  to  tell  on  a  few  hours’  notice  what  the 

future  net  return  on  any  property  or  group  of  properties  is 
likely  to  be.  This  can  be  done  by  a  comprehensive  hie  of  de¬ 
cline  curves,  price  predictions,  operating  costs,  risk  factors,  etc. 
With  such  a  hie  it  is  also  i>ossible  to  determine  quickly  the  value 
of  surrounding  holdings  when  the  amount  of  production  is 
known.  A  qualified  appraisal  engineer  should  be  in  charge,  for 
there  is  too  much  responsibility  involved  to  leave  the  task  to 
anyone  without  the  necessary  training.  Such  a  department 
could  also  handle  the  sale  of  leases  now  being  commonly  sur¬ 
rendered.  There  is  no  reason  why  a  market  could  not  be  found 
and  at  least  the  cost  recovered  on  these  leases,  rather  than  to 
charge  them  off  at  a  loss.  One  large  company  operating  in  the 
Mid-continent  held  is  handling  such  sales  with  success. 

Degree  of  Refinement  in  Appraisals.  Appraisal  for  com¬ 
mercial  purposes  offers  the  highest  degree  of  refinement  possible. 
This  is  because  there  is  no  examining  board,  such  as  a  public 
utilities  commission  or  internal  revenue  bureau,  which  seeks 
simplification  and  standardization.  There  is  no  reason  why 
appraisals  could  not  be  made  so  accurately  that  the  results  could 
be  tabulated  in  the  books,  and  annual  charges  made  against 
the  estimates. 

Greater  refinement  is  possible  in  nearly  every  step  of  the 
appraisal  but  mainly  in  the  price  predictions,  production  esti¬ 
mates,  operating  costs,  and  risk  factors. 

Future  of  the  Petroleum  Geologists  and  Engineers  in  This 
Field.  Although  methods  of  appraisal  have  reached  a  high  de¬ 
gree  of  accuracy,  their  use  has  not  been  fully  recognized.  The 
next  few  years  will  find  rapid  progress  in  the  use  of  appraisals. 
It  is  safe  to  state  that  many  engineers  now  making  appraisals 
are  not  qualified  to  do  the  work  they  are  attempting.  T  he  com¬ 
pany  officials  and  technical  staff  being  unaware  of  the  principles 
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of  sound  appraisal  fail  to  realize  the  poor  grade  of  work  they 
are  accepting.  The  fault  here  .lies  with  those  in  charge  as 
much  as  with  the  appraiser,  for  they  should  analyze  thoroughly 
the  qualifications  of  the  individual  as  well  as  the  work. 

Because  of  the  geological  training  essential  to  appraisal 
engineering,  this  class  of  work  comes  within  the  scope  of  the 
geologist ;  consequently,  the  title  of  “geologist  and  appraiser” 
will  soon  replace  that  of  geologist. 


DISCUSSION 


Mr.  Maurice  R.  Sciiarkf:*  1  want  to  ask  whether  my 
understanding  is  correct  'that  in  the  analytical  method  an  esti¬ 
mate  is  made  of  the  present  worth  of  the  difference,  in  each 
year,  between  the  value  of  the  product,  measured  by  the  price 
at  which  it  is  sold,  on  the  one  hand,  and  its  cost,  on  the  other 
hand,  including  in  cost  the  operating  expenses  and  the  necessary 
allowances  for  interest  and  depreciation  on  equipment.  Is 
that  a  correct  statement? 

Mr.  Paul  Ruedemann  :  We  do  not  consider  depletion  or 
depreciation.  We  take  merely  the  full  price  to  be  realized  each 
year  and  the  cost  of  lifting  plus  a  certain  share  of  overhead. 
Depreciation  is  not  considered,  for  this  reason.  The  equipment 
becomes  part  of  the  valuation;  it  is  incidental  to  the  getting  of 
the  oil  from  the  reservoir,  and  so  it  is  not  considered.  Deple¬ 
tion,  of  course,  can  not  be  considered  because  it  is  dependent 
upon  the  valuation.  You  get  net  profit  each  year  by  finding 
the  price  and  taking*  from  it  operating  cost  and  a  certain  share 
of  overhead,  and,  therefrom,  the  present  net  worth  of  the 
property . 

Mr.  Maurice  R.  Scharff:  May  1  put  my  previous  ques¬ 
tion  in  a  slightly  different  form.  As  1  understand  it  now,  in  com¬ 
puting  the  cost  of  production  for  the  purpose  of  determining 
the  present  worth  of  the  net  earnings,  depreciation  in  the  equip¬ 
ment  is  not  added,  for  the  reason  that  the  value  of  the  equip¬ 
ment  is  considered  as  included  in  the  value  of  the  reserve.  The 
inference  is  that,  if  it  -  were  desired  to  separate  the  value  so  re¬ 
sulting  into  the  value  of  equipment  and  the  value  of  the  reserve 
independent  of  equipment,  and  if  the  value  of  the  equipment 
could  be  considered  as  measured  by  its  cost  of  reproduction  or 
by  some  similar  method,  the  value  of  the  reserve  would  be  the 
difference  between  the  total  value  found  by  the  analytical  method 
and  the  value  of  the  equipment;  and  if  the  total  value  found 
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by  the  analytical  method  did  not  equal  the  value  of  the  equip¬ 
ment,  as  measured  by  its  reproduction  cost  or  otherwise,  the 
conclusion  would  be  that  the  reserve  had  no  value  as  such. 

Mr.  Roswell  Johnson  :*  That  is  the  present  inference, 
yes.  You  get  the  valuation  and  then  subtract  the  physical  prop¬ 
erty.  It  is  difficult  to  determine  what  is ' the  value  of  the  reserve 
and  what  is  the  value  of  the  equipment.  By  taking  the  present 
worth  without  depreciation  it  is  possible  to  separate  equipment 
value  from  reserve  value  after  the  valuation  has  been  placed. 

There  has  been  nothing  done  with  the  analytical  method 
with  small  wells.  Frequently  the  value  of  the  equipment  is 
greater  than  the  present  worth  of  the  property,  consequently 
present  reserve  has  no  value  whatever. 

Mr.  Maurice  R.  Scharff  :  What  I  have  in  mind  in  asking 
these  questions  is  that  in  studies  that  I  have  made  for  certain 
gas  companies  1  have  found  in  several  instances  that  the  “analy¬ 
tical  method"  showed  practically  no  value  for  gas  reserves  after 
making  allowance  for  the  value  of  equipment  as  measured  by 
its  cost  of  reproduction,  less  accrued  depreciation. 

As  stated  by  Mr.  Ruedemann,  the  analytical  method  has 
not  been  presented  in  detail  and  with  full  explanation  in  any 
of  the  gas-rate  cases  that  have  come  before  commissions  in 
our  section  of  the  country.  Moreover,  in  Pennsylvania,  no  rate 
case  of  importance  has  yet  been  decided,  in  which  the  valuation 
of  gas  leases  was  ruled  upon  by  the  Public  Service  Commission. 
In  the  one  important  gas-rate  case  which  has  been  passed  upon 
by  the  Commission — that  of  the  Pennsylvania  Natural  Gas  Com¬ 
pany — the  only  values  claimed  by  the  Company,  and  the  'only 
value  for  reserves  allowed  by  the  Commission,  were  on  acreage 
on  which  the  gas  rights  were  owned  in  fee.  The  Company  ex¬ 
cluded  from  its  claim,  and  the  Commission  excluded  from  its 
valuation,  all  gas  under  land  held  by  virtue  of  leases.  Other 
cases  that  have  been  ruled  upon  by  the  Commission  either  have 
not  involved  the  problem  of  valuation  or  else  the  facts  have 

♦Johnson,  Huntley  &  Somers,  Oil  and  Gas  Geologists  and  Appraisers. 
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been  such  that  the  Commission  lias  been  able  to  dismiss  com¬ 
plaints  because  it  was  shown  that  the  rates  in  effect  would  not 
yield  an  excessive  return  upon  any  valuation  of  the  property 
whatever,  however  low,  so  that  it  was  not  necessary  for  the 
Commission  to  rule  upon  the  value  of  gas  in  the  ground. 

Mr.  Paul  Ruedemann:  l  might  add  that  i  know  of  one 
case  where  they  used  the  analytical  method  in  getting  valuation 
for  gas  reserves  and  that  was  the  Greensboro  Gas  Company.  I 
believe  that  because  of  the  fact  that  there  was  so  little  contest, 
on  the  rate  case,  the  Commission  overlooked  the  fact  that  they 
used  the  analytical  method.  At  any  rate,  the  case  continued 
without  objection.  But  one  could  not  call  that  a  fair  case  since 
in  a  more  closely  contested  case  there-  would  have  been  objec¬ 
tion  before  the  Commission. 

Mr.  F.  A.  Simmons  :*  I  would  like  to  ask  Mr.  Ruedemann 
if  the  Public  Service  Commission  of  Pennsylvania  accepted  the 
valuation  of  the  gas  holdings  of  the  Greensboro  Gas  Company, 
which  Mr.  Ruedemann  made.  The  newspapers  stated  that  "the 
valuation  was  held  open  by  the  Commission,  in  order  to  provide 
a  later  unprejudiced  investigation." 

Mr.  Maurice  R.  Scharff:  I  think  I  can  explain  regarding 
that.  The  Commission  dismissed  the  complaint  in  that  case,  stat¬ 
ing  that  the  evidence  showed  that  the  rates  in  effect  would  not 
earn  an  excessive  return  even  upon  the  lowest  possible  physical 
valuation,  without  any  allowance  for  value  of  gas  reserves. 

There  was,  therefore,  no  necessity  for  ruling  on  the  question  of 
valuation  at  all. 


*  Assistant  Professor  of  Civil 
nologv,  Pittsburgh. 
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STANDARDIZATION  OF  MINE  TRACKS 


By  J.  D.  Martin* 

Perhaps  one  of  the  most  neglected  features  entering  into  the 
cost  of  coal  production  is  the  one  included  under  the  subject 
generally  known  as  “track”  or  “haulage”. 

You  can  inspect  a  certain  plant  and  find  up-to-the-minute 
hoisting  equipment,  tipples,  power-plants,  machinery,  and  loco¬ 
motives — in  fact,  you  may  find  the  greater  part  of  the  equipment 
installed  and  functioning  economically,  until  you  reach  the  track, 
switches,  and  auxiliary  apparatus  and  there  you  will  find  that 
very  little  progress  has  been  made. 

To  say  that  the  manufacturers  of  hoisting,  tipple,  and  power- 
plant  machinery  or  other  modern  equipment  are  more  interested 
in  their  product,  or  spend  more  money  for  good  engineering  and 
hence  are  fitted  to  supply  better  equipment  with  advances  in  time, 
would  not  be  fair  to  the  manufacturers  of  track  equipment ;  but 
we  do  know  that  some  large  manufacturers  of  mine  equipment 
spend  enormous  amounts  of  money  for  research  work  in  order  to 
develop  their  products,  making  them  more  and  more  efficient  and 
thus  saving  dollars  for  the  user.  The  same  applies  to  manufac¬ 
turers  of  track  equipment  to  a  greater  or  less  extent  and  the  prod¬ 
ucts  in  themselves  are  probably  as  up-to-date  as  electrical  or 
other  apparatus.  If  the  fault  does  not  lie  in  the  materials  the 
only  other  place  it  can  be  is  in  the  application ;  and  there,  no 
doubt,  is  the  seat  of  a  part  of  the  trouble,  but  not  all. 

We  find  at  the  mines  no  end  of  delays  due  to  derailment  of 
motor  trips ;  and  derailments  mean  time  lost,  which  means  less 
tonnage  and  consequently  lower  profits.  It  seems  quite  incredible 
that  a  feature  so  essential  as  track  work  should  be  so  utterly 
neglected  as  it  generally  as.  Perhaps  less  engineering  skill  is  ap¬ 
plied  to  this  phase  of  equipment  than  to  any  other,  so  far  as  the 
individual  mines  are  concerned.  It  is  a  feature  which  has  been 
allowed  to  drift  along  by  itself  and  to  make  whatever  progress 
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it  could.  The  same  engineer,  superintendent,  or  manager  who  is 
precise  in  his  specifications  covering  a  contract  for  a  structure, 
hoist,  or  locomotive  may  order  track  work  with  only  a  passing 
thought  as  to  its  application ;  thus  the  development  and  progress 
that  have  been  made,  have  been  in  the  absence  of  help  received 
from  the  mining  business  in  general.  We  are  acquainted  with  the 
fact  that  railroad  engineering  has  been  placed  on  a  high  plane 
and  very  valuable  data  and  theory  tabulated  for  practical  use. 
The  result  of  the  investigations  of  the  various  engineering  socie¬ 
ties,  together  with  the  experimental  products  of  the  manufactur¬ 
ers,  has  led  to  a  basis  of  standardization  for  standard-gage  rail¬ 
road  work,  and  part  of  the  results  have  found  their  way  into  the 
equipment  for  light  track  use.  However,  the  classes  of  equip¬ 
ment  are  radically  different  and  the  same  general  designs,  the 
same  formulae,  do  not  generally  apply.  As  has  been  stated  be¬ 
fore,  there  is  a  lot  of  research  work  to  be  done,  experiments  to 
be  performed  and  formulae  to  be  worked  before  we  are  ready  to 
standardize  light  rail  track,  and  this  is  work  for  engineers 
scientifically  trained ;  the  work  must  be  done  in  a  scientific  manner 
if  the  results  are  to  be  as  they  should. 

We  must  conclude  that  the  subject  of  standardization  of 
track  work,  as  applied  to  coal-mines,  is  a  subject  covering  wide 
latitudes  and,  in  order  that  all  phases  of  the  subject  may  receive 
the  proper  consideration  in  their  relations  to  one  another,  exten¬ 
sive  analyses  must  be  made  and  formulae  developed.  The  study 
must  include  not  only  the  frogs,  switch  points,  switch  throws,  and 
the  necessary  fittings,  together  with  the  proper  design  and  ap¬ 
plication  of  each,  but  the  widening  of  the  gage  on  curves ;  curve 
resistance  and  curve  compensation,  as  well  as  track  and  train 
resistance;  allowable  widening  of  gage  for  different  weights  of 
rail ;  the  size  of  wheels  and  tires  for  various  classes  of  rolling 
equipment  and  track;  the  gage  of  trucks  with  relation  to  the  gage 
of  tracks  and  the  increment  or  decrement  in  the  truck  gage  for  dif¬ 
ferent  wheel-bases,  as  well  as  other  influences,  less  important 
but  nevertheless  requiring  consideration. 

In  the  study  of  standardization  of  track  work  obviously  the 
order  of  procedure  must  be  systematic,  and  a  general  outline 
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must  be  made  to  guide  the  designs  through  in  some  logical  order 
including  all  modifying  factors  mentioned.  Such  an  outline 
would  be  somewhat  as  follows: 

1.  Tonnage  of  plant,  or  average  tonnage  over  the  track. 

2.  Average  and  ruling  grades. 

3.  Weight  and  character  of  rolling  equipment. 

4.  Class  of  motor  roads  or  track,  whether  main-line  haulage, 
semi-main  line,  butt  haulage,  or  room  track. 

5.  Speed  of  operation. 

6.  Road-bed. 

7.  Costs  and  economy. 

These  general  classifications  taken  in  sequence  will  then  de¬ 
termine  the  general  designs  of  track  equipment  and  haulage 
roads,  and  at  the  same  time  indicate  certain  relations  that  must 
be  fulfilled  (with  the  point  of  economy  in  view)  between  the 
track  and  the  rolling  stock.  From  the  general  designs  the  details 
may  then  be  worked  out  and  adopted  for  various  classes  of  use. 

For  example,  it  is  desired  to  install  a  motor  road  to  a  certain 
section  of  an  operation,  the  section  itself  producing,  say,  500  tons 
of  the  total  tonnage  of  the  mine.  Evidently  (See  Table  I)  the 
number  and  weight  of  trips  per  day  depend  on  the  size  of  the 
locomotive,  and  its  size  and  weight  depend  on  modifying  factors 
as  follows : 

1.  Grade  resistance 

2.  Equivalent  grade  resistance  due  to 

a.  journal  friction 

b.  train  resistance 

c.  curve  resistance 

a.  slipping  and  sliding  of  wheels  on  curves 

b.  flange  resistance 

c.  vertical  height  the  rear  wheel  or  wheels  are 

elevated  throughout  the  length  of  the  curve 

3.  Resistance  due  to  change  in  velocity 

a.  of  translation  of  train 

b.  of  rotation  of  wheels 


TABLE  I.  LOCOMOTIVE  PERFORMANCE 
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Slipping  and  sliding  Flange  Vertical  height  rear 
of  wheels  resistance  wheel  is  elevated 

throughout  curve  if 
not  widened 
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In  order  that  the  locomotive's  tractive  effort  be  kept  at  a 
minimum  all  the  factors  tending  to  increase  it  must  he  kept  at 
a  minimum  if  It  is  to  be  operated  in  the  most  economical  manner. 

Consider : 

1.  The  grade  resistance.  This,  of  course,  is  determined  to 
a  great  extent  by  the  local  mine  conditions  which  may  not  permit 
the  necessary  grading  to  reduce  the  track  grade  to  that  desired. 
We  can,  however,  determine  just  what  per  cent,  this  grade  will  be. 

2.  The  equivalent  per  cent,  grade  due  to  the  factors,  journal 
friction,  train  resistance  and  curve  resistance. 

Journal  friction  clearly  depends  upon  the  type  of  trucks  and 
bearings  used,  whether  plain  or  roller  bearing. 

Train  resistance  depends  upon  the  condition  of  the  track. 

Curve  resistance  depends  upon  : 

a.  The  amount  of  slipping  and  sliding  of  the  wheels  due 
to  the  difference  in  length  between  the  outer  and  inner  rails  on 
the  curve,  which  difference  in  length  must  be  taken  up  in  the 
slipping  and  sliding  of  wheels  and  can  not  be  compensated  by 
coning  the  tires  as  is  sometimes  assumed. 

b.  Flange  resistance  is  due  to  the  bearing  of  the  flange 
against  the  outer  rail  where  the  super-elevation  of  the  outer  rail 
does  not  reduce  this  resistance  to  zero. 

c:  Resistance  due  to  the  vertical  height  to  which  one  or  two 
wheels  are  lifted  vertically  throughout  the  length  of  the  curve 
where  the  gage  of  the  track  is  not  sufficiently  widened. 

3.  Resistance  due  to  change  in  velocity.  As  the  train  is 
accelerated  from  rest  to  a  certain  velocity,  there  is  a  certain 
amount  of  kinetic  energy  stored  in  the  train  due  to  the  velocity 
of  translation  of  the  train  itself  and  to  the  velocity  of  rotation  of 
the  wheels.  When  the  train  is  stopped  this  kinetic  energy  is  not 
reclaimed  but  is  lost  in  heat  due  to  friction  as  the  brakes  are  ap¬ 
plied.  Thus  it  becomes  evident  that  the  greater  the  number  of 
times  the  train  is  stopped  or  retarded  in  its  travel  from  the  face 
to  the  shaft  bottom  or  other  terminal  the  greater  will  be  the  power 
loss  due  to  this  one  cause. 

After  we  have  adopted  the  minimum  grade  which  mining 
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conditions  wall  permit,  we  may  have,  say,  a  maximum  or  ruling 
grade  of  1.5  per  cent,  so  far  as  the  track  grade  is  concerned. 
However,  if  the  journal,  train,  and  curve  resistances  are  reduced 
to  their  equivalent  in  per  cent,  grade,  we  would  find  that  instead 


Tht  combined  resistance  of  the  curve 
due  +o  sliding  of  wheels  ond  flongc  resistance  moy 
be  summarised  m  tbc "formula  deduced  by 
Roymond  :  The  total  curve  resistant  in 
pounds  per  tan  tala!  toad 
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SHORT  TABULATION  OF  CURVE  RESISTANCES 
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2  00 

2-0 

04*0.20  D 

36.4. 

12  4 

a. 2 

62 

2-3“ 

0-4+0-2I  O 

3a  2 

13.0 

8  6 

6.7 

2-6" 

0.4*0220 

39  0 

IS  6 

9  0 

7.0 

2-9“ 

04*0  225  O 

409 

13.9 

9  2 

7.2 

3-0" 

0.4*0  23  O 

41  a 

142 

9  4 

7-  3 

f  assumed  */s 


l?ADIU3 

Degree  or 
Cuevc 

50' 

180* 

IO  O' 

60* 

ISO 

38*56 

ZOO 

28*58' 

TABULATION  SHOWING  EQUIVALENT  INCREASE 
IN  PER  CENT  GRADE  FOR  ABOVE  CURVE  RESISTANCES 


CadiuS 

Equivalent  Incbcasc  in%  Grade  roe  Various 

Wheel  Bases. 

24' 

27' 

30~ 

3  3“ 

36" 

50' 

1.82 

1.91 

1.95 

2.05 

2.14 

100' 

0:60 

045 

068 

0.70 

0.11 

ISO' 

0.41 

0.43 

0.45 

0.46 

047 

200 

031 

0  31 

0.35 

0  36 

037 

Fig.  1.  Relation  of  Curve  Resistance  to  Curve  Radius. 

of  operating  a  train  over  a  ruling  grade  of  1.5  per  cent,  we  would 
virtually  be  operating  over  as  high  as  two  or  three  per  cent.  This 
can  be  seen  from  Fig.  1  where  curve  resistance  alone  may  have 
an  equivalent  as  high  as  a  two  per  cent,  grade.  These  conditions 
and  relations  are  illustrated  graphically  in  Fig.  2. 

The  power  lost  due  to  overcoming  the  resistance  of  accelera¬ 
tion  may  be  diminished  considerably  if  motor  roads,  curves,  and 
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switches  are  so  designed  that  the  train  may  he  accelerated  from 
rest  to  the  desired  velocity  and  maintained  at  the  same  velocity 
from  terminal  to  terminal.  If,  however,  it  is  necessary  to  reduce 
the  speed  of  the  train  to  a  very  low  value  for  each  curve  encoun¬ 
tered  or  for  each  switch  passed  over,  the  number  of  times  which 
the  train  must  be  accelerated  means  power  lost  in  proportion  to 
the  number  of  accelerations. 


> 

Q 

S 

KJ 

I 

O 

tt 

5 

o 

u 

Ck 


-o 

•j 
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3 
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Fig.  2.  Graphic  Representation  of  Gage  Increase  on  Curves. 


■  THtliMKAftinfCi 


Radius*  or  Curve  in  Feet 


It  is  clear  that  these  factors  all  have  a  large  bearing  on  the 
total  draw-bar  pull  of  the  locomotive  and  consequently  on  the 
total  power  or  energy  required  to  move  the  train  from  one  term¬ 
inal  to  another;  and  it  is  evident  that,  if  all  things  are  duly  con¬ 
sidered,  the  draw-bar  pull  can  be  greatly  decreased  with  the 
proper  designs  of  track  work. 

In  Fig.  1  you  have  seen  that  the  equivalent  per  cent,  grade 
due  to  curve  resistance  is  a  big  item.  In  order  to  reduce  this  to 
a  minimum  the  gage  of  the  track  on  the  curves  must  be  properly 
widened.  However,  at  this  point,  both  the  width  of  tires  and  the 
weight  of  rails  must  be  taken  into  consideration.  If  we  are  to 
reduce  the  resistance  to  a  minimum,  the  gage  must  he  properly 
widened.  See  Fig.  3. 
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We  have  seen  that  in  order  that  the  resistance  due  to  velocity 
may  'be  kept  at  a  minimum — and,  hence,  haulage  power  bills  at  a 
minimum — it  is  necessary  to  maintain  the  train  at  the  same  ve¬ 
locity,  or  as  nearly  so  as  possible,  from  terminal  to  terminal.  To 


PaOIUS 

Spread  or  Pails  (over  whoel  gauge)  roe 
a  gi^eim  Wheel  Base 

24 

30" 

36" 

42' 

4  8" 

10-  0" 

otcor  rr. 

INCH 

occorrr  inch 

occ  or  rr. 

INCH 

occ or  rr 

INCH 

occ  or  r  r 

INCH 

.2020 

12'-  6" 

.1647 

2 

IS- 0" 

1319 

•1 

17'- 6" 

.1144 

'I 

p 

a  o  '- o’ 

0991  * 

•  ii 

i565 

r 

i  3 

25-0“ 

0801 

i 

.1253 

1  i 

30-0 

0467 

13 

ie 

.09«r 

i  .i 

.1304 

40 -O' 

.0 500 

3 

s 

.0792 

15 

16 

1  |29 

.1540 

50-0' 

0399 

1 

2 

0625 

3 

X 

.0903 

i£ 

1 224 

13 

32 

1402 

•  % 

75-0' 

0275 

* 

.04/7 

1 

z 

.0600 

A 

4 

0813 

i 

.1069 

loo- a 

0201 

l 

? 

.0313 

i 

0450 

3 

16 

0613 

i 

0900 

15 

16 

125-0 

.0160 

3 

16 

0250 

3 

>« 

0340 

i3 

0490 

!• 

32 

0440 

i 

6 

150-  0 

.0134 

i 

0200 

l 

A 

0300 

# 

0410 

•  1 

2 

0524 

i 

175-0' 

.0114 

i 

8 

.0173 

7 

32. 

0257 

5 

16 

0350 

13 

32 

045  < 

17 

32 

2  00  -  0“ 

.0100 

1 

9 

0156 

• 

3 

16 

.0220 

A 

03 10 

# 

0392 

U 

32 

Note*  The  above  Tabulation  does  not  consider  the  diameter  of  wheels 
in  the  widening  required  on  curveo  this  factor  cannot  be 
eliminated  and  fhe  above  tabulation  is  therefore  subject  to  correction. 


Fig.  3.  Increase  in  Gage  Required  on  Curve  for  Certain  Radii. 

accomplish  this,  the  switches  over  which  the  train  operates,  as 
well  as  the  curves,  must  be  so  designed  that  the  train  may  safelv 
pass  over  them  at  its  rated  velocity.  In  order  that  this  may  be 
done,  certain  relations  must  be  properly  carried  out  between  the 
frog,  the  switch  radius  and  the  switch  points.  An  illustration 
of  this  is  shown  in  Fig.  4.  For  example,  the  angle  subtended  at 
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the  center  of  the  curve  by  the  wheel-base  of  the  truck  remains 
constant  from  the  point  of  curvature  to  the  point  of  tangentcy. 
In  order  that  the  truck  shall  be  drawn  around  the  curve  with  a 
uniform  draw-bar  pull,  it  may  be  argued  that  the  angle  which  the 
switch  rail  makes  with  the  straight  rail  must  be  maintained  equal 


At 

TABULATION  SHOWING  ANGLES- TOP  VARIOUS  WHE  EL  BASES 


RADIUS 

WHEEL  BASE 

24 

30  - 

36' 

42 

48' 

lo'-cr 

II  -32  -13" 

14-28  40 

17*27-27' 

20*29-12' 

23*34  42 

IV- 6 

9*12-25 

11*3213- 

13*33-12 

16* 15  37 

18*39  53 

15-0" 

7  *59-44 

9*33-39 

II*  32-I3' 

13*29-36 

13*27  38 

17-6 

6*3348 

a*it47" 

9*52-15- 

11*32-14 

13*  12-35 

20  -O' 

5*4  2-30 

7*10-50 

3*37-30' 

10*  04  40 

11*32-10 

25-0" 

4*35-19 

5*44  2  r 

7*-/ 1- 07" 

8*02-32 

9*12  25 

30  O' 

3*49 -21* 

4*46  50 

5  *44  29 

6*4  2-59 

7*38  40 

4  0-0 

2*51-55- 

3*35-00 

4'-/ 8  05 

5*01- II 

5*44  21 

50-0' 

2*17-33- 

2*51-58 

3'- 26  23 

4*00  50 

4*35-19 

75-0 

l*JI'4l" 

1*54-37’ 

2*17-33' 

2-*40  29 

3*03  06 

1 00-0' 

1*0  0-44 

1*25  57" 

1*  43-09 

2*00-21 

2-17-33 

125-0 

0*5800 

1*0846 

1*2  2-31' 

1*36-16 

1*50  02 

150-0 

0*45-50' 

0*37-18 

1*08-46" 

1*2  0-13 

l*-3l '-41* 

175-0" 

0*39-18’ 

0*49-07 

0*38-56’ 

1*08-46 

1*  18-35 

200-0" 

0*34-23 

0*42-59 

O’ 5  1-34 

1*00-10' 

1*08  46 

ANGLE  OF  SWTCHRAIL  WITH  STRAIGHT  PAIL  POINTS 


Length  of 
Switch  faint 

Switch 

Angle 

Length  ©t*  Switch 
Switch  R>*nt  Angle 

r-  0 

16*57  35’ 

8-0’ 

2*l4-i9- 

1-6 

11*12-50* 

9-0* 

1*59-23 

2-0 

8*23-15" 

10-0' 

1*47-27' 

2-6 

7*10-51 

1  ro 

1*37-40 

3  0 

5*58-45' 

12-0 

1*29-32 

3-6 

5*07-21" 

13-0 

.*22-39' 

4-0 

4*28-50 

14-0 

I*l6  44 

4  6 

3*58-55 

15-0' 

,*li  -37" 

SO' 

3*35-00 

16-0" 

,*07  39 

5-6 

3*15-26 

17-0' 

3*58-00 

6-0 

2*39-08 

18-0" 

0*33-43" 

6-6’ 

2*4J20' 

19  0 

0*51  49 

7-0’ 

r 2*33-30’ 

20-0' 

3*30-09 " 

7-6  2*23-17 

fa  a)  A*  H««l  D'Voncc 


cength  of  Switch  Pbinte  (feet) 

Wheel  Bose 

24 

26 

30 

36 

42 

48 

10-0 

1-6 

1-6 

1-6 

12  6 

2-0- 

2-0 

1-6 

15  0' 

2  6 

2-0 

2  0 

r-6 

280 

4-0 

4-0 

3-6 

2  6 

2  6 

2  0 

50-0 

7-6" 

7-6 

66' 

5-6 

4  6 

4-0" 

75-0’ 

lZ-0’ 

1 1-0 

:o-6 

8  0' 

7-0' 

677 

.080 

15  6" 

15-0 

13-0 

TlO 

9  0 

7-6 

150-0 

17-0 

It  0 

14  a 

120 

200  0 

zoo 

19  0 

n-6 

L±£_ 

Fig.  4.  Switch  Lengths  Required  for  Curves  of  Certain  Radii. 

to  the  angle  subtended  at  the  center  of  the  curve  by  the  truck, 
thus  maintaining  a  uniform  draw-bar  pull  from  the  moment  the 
truck  is  fully  on  the  switch  point  until  it  has  rounded  the  curve 
and  is  again  on  straight  track.  By  designing  switches  with  this 
point  in  view  it  is  possible  that  the  rolling  stock  will  receive  but 
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one  shock,  due  to  impact,  when  the  truck  hits  the  switch  rail ; 
whereas,  if  this  angle  is  not  kept  constant,  each  change  in  it  means 
an  additional  shock  or  impact. 

All  the  relations  as  above  set  forth  may  hot  be  theoretically 
correct  to  the  last  analysis  but  they  are  sufficiently  accurate  to 
indicate  that,  if  the  best  results  are  to  be  obtained,  relations  be¬ 
tween  the  switch  radius,  length  of  switch  points,  frogs,  weight 
of  rail,  wheel-base,  and  width  of  tires,  cannot  be  chosen  arbitrar¬ 
ily  but  must  be  chosen  through  a  series  of  data  and  tabulations 
which  will  accurately  guide  the  designer  in  the  proper  choice  of 
the  factors  entering  into  the  design. 

The  foregoing  theory  and  method  of  carrying  out  these  de¬ 
signs  is  meant  only  as  an  illustration  of  what  is  required.  How¬ 
ever,  this  is  a  long,  complicated,  and  very  much  involved  sub¬ 
ject  which  requires  not  only  theoretical  formulae  and  data  but 
also  requires  considerable  empirical  data  which  can  be  obtained 
only  by  making  proper  dynamometer  and  other  tests  on  moving 
trains. 


DISCUSSION' 


Mr.  W.  A.  Weldin,  Chairman  :*  This  subject  deserves  care¬ 
ful  consideration.  As  the  author  has  indicated,  it  is  a  new 

* 

subject.  There  is  not  much  literature  to  be  found  upon  it,  but 
it  is  a  practical  matter  that  needs  attention. 

I  have  observed  in  a  group  of  mines  the  economies  that  are 
possible  through  standardization,  not  only  in  direct  saving  by 
purchasing  fewer  sizes,  but  also  indirectly  by  simplification  all 
along  the  line.  That  economy  feature  is  the  part  that  interests 
me  most.  Some  one  may  be  able  to  give  us  some  information 
along  that  line.  Mr.  Martin  has  treated  at  considerable  length  the 
mathematical  phase  of  this  subject.  This  treatment  ought  to  he 
suggestive  to  those  working  on  the  problem  and  we  would  like  to 
hear  from  some  of  you  gentlemen. 

Mr.  C.  E.  Long  :f  The  design  of  the  turnouts  exhibited  on 
the  screen  shows  the  lead  rails  to  be  curved  from  the  joint  with 
the  switch  rail  to  the  joint  with  the  frog. 

In  this  design  the  joint  is  jolted  in  changing  the  direction  of 
the  train  coming  off  the  straight  switch  rail  or  frog  rail.  The 
jolting  of  the  joints  has  a  tendency  to  kink  the  rail  and  loosen 
the  bolts  at  the  joints,  thereby  increasing  the  cost  of  maintenance. 
This  can  be  overcome,  in  a  measure,  by  having  the  ends  of  the 
curve  a  sufficient  distance  past  the  joints  to  permit  the  front 
wheels  of  the  cars  to  pass  the  joint  on  straight  rail  and  change 
the  direction  two  feet,  or  more,  past  the  joint. 

Increasing  the  length  of  straight  rail  will  increase  the  lead. 

I  believe  the  turnout  exhibited  should  he  used  only  where  a 
short  lead  is  absolutelv  necessarv. 

Mr.  J.  D.  Martin  :  I  think  that  most  frogs  used  in  the  mines 
are  too  short.  This,  I  believe  is  the  cause  of  many  of  the  derail¬ 
ments  at  the  point  of  the  frog.  The  frog  should  he  of  sufficient 

*Blum,  Weldin  &  Co.,  Pittsburgh. 

tCivil  Engineer,  Pittsburgh. 
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length  to  allow  the  car  truck  to  be  traveling  on  a  tangent  at  the 
time  the  front  wheel  comes  in  contact  with  the  frog  point. 

The  Subcommittee  on  Mine  Tracks  and  Signals,  of  the 
American  Mining  Congress  has  made  certain  recommendations 
for  mine  track  standards,  recommending  to  the  coal  industry  a 
set  of  track  standards  consisting  of  three  different  numbered 
turnouts,  using  No.  2,  3,  and  4  frogs.  The  Hillman  Coal  &  Coke 
Company  has  done  a  little  toward  the  standardization  of  track  in 
its  mines  but  we  have  made  very  little  progress,  having  standard¬ 
ized  only  on  one  or  two  turnouts  so  far. 

Mr.  W.  A.  Weldin,  Chairman :  Is  there  any  one  here  from 
the  Bertha  Coal  Company?  I  remember  that  when  I  was  with 
that  company  there  was  quite  an  advantage  in  having  certain  stan¬ 
dard  fittings  and  we  always  had  a  supply  of  them  on  hand.  We  had 
a  standard  room  turnout  and  certain  standard  heading  turnouts. 
We  kept  a  certain  number  of  them  on  hand.  This  was  a  great  con¬ 
venience,  and  it  eliminated  delays  in  turning  rooms  and  headings 
because  we  always  had  the  turnout  ready  when  it  was  needed. 

Mr.  M.  D.  Gibson  :*  In  considering  the  standardization  of 
mine  tracks,  we  believe  the  following  would  be  of  interest. 

The  proper  size  or  weight  of  rail  must  be  determined  with 
due  consideration  of  the  nature  of  the  road-bed,  the  spacing  of 
the  ties,  the  general  construction,  and  the  weight  of  the  tonnage 
to  be  moved.  The  recommendations  for  the  different  size  motors 
for  main  haulage,  are  as  follows : 


Motor  Rail 

6  and  8  ton  30 

10  40 

15  60 


For  rooms  and  all  room  entries,  20-pound  rail  should  be  used. 

For  20-pound  rails,  ties  should  be  three  by  five  inches;  for 
30-  and  40-pound  rails,  four  by  six  inches ;  and  for  50-  and  60- 
pound  rails,  five  by  seven  inches. 


♦Chief  Engineer,  Bertha  Coal  Co.,  Pittsburgh. 
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All  ties  should  be  spaced  according  to  the  nature  of  the  bot¬ 
tom,  and  to  give  ample  support  to  the  traffic.  On  main  haulage 
18-  to  24-inch  centers  is  the  usual  practice.  In  rooms  or  room 
entries,  this  spacing  should  be  made  to  suit  conditions. 

One  of  the  chief  contributory  causes  resulting  in  haulage 
resistance  is  poor  alignment,  due  to  entries  being  driven  off  sights. 
This  adds  considerably  to  maintenance  of  track  and  also  causes 
slowing  up  of  the  trip,  which  causes  an  increase  in  power  con¬ 
sumption.  On  a  poorly  aligned  track,  coal  is  dropped  from  the 
top  of  the  cars,  resulting  in  dirty  motor  roads  and  adding  to  the 
track  resistance.  Cost  is  thereby  added  to  keep  haulage,  traveling 
ways  and  drainage  ditches,  clean. 

All  haulage  roads  should  be  well  ditched  and  drained  to  keep 
road-bed  in  good  condition.  A  treated  tie  is  recommended  on  all 
main  haulage. 

A  responsible  person  should  be  in  direct  charge  of  all  track 
work  and  should  inspect  all  spikes,  bolts,  bonds,  frogs,  switches. 

and  drainage. 

All  entries,  where  turnouts  are  to  be  installed,  should  be 
driven  on  sights  set  by  the  engineer.  We  would  recommend,  for 
places  turned  from  main  haulage,  a  Xo.  4  frog,  which  on  a  42-inch 
gage  would  be  on  a  curve  of  112-foot  radius.  On  tracks  other 
than  main  haulage,  turnouts  should  be  installed,  using  Xo.  3 
frogs,  the  radius  of  which  is  63  feet.  For  rooms,  we  would  suggest 
a  Xo.  iy4  frog,  the  radius  of  which  is  approximately  IT  feet. 

In  driving  room  necks  a  lay-out  should  be  made  to  suit  the 
frog  used  and  to  suit  the  mining  conditions. 

In  some  cases  switch  stands  are  not  used,  the  switches  being 
kicked  into  position  and  the  friction  of  the  bridle  holding  it  in 
this  position.  With  gathering  locomotives  a  switch  stand  is 
desirable. 

A  standard  set  of  switch  ties  should  be  worked  out  for  the 
different  size  frogs.  A  projection  of  8  to  13  inches  should  he 
allowed  on  each  side  of  the  rail.  The  larger  projection  serves  to 
stabilize  the  track  and  to  keep  the  tie  from  splitting  when  the 
spikes  are  driven. 
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Owing  to  the  low  speed  in  underground  haulage,  it  is  not 
customary  to  elevate  the  outer  rail  of  the  curve  above  the  inner 
rail.  On  short  radius  curves  the  usual  practice  is  to  allow  about 
one  inch  increase  in  track  gage. 

In  regard  to  gage,  we  believe  42  inches  will  suit  all  conditions. 
This  permits  interchanging  equipment  from  one  line  to  another 
when  working  the  same  approximate  thickness  of  vein. 

Mr.  J.  D.  Martin  :  I  would  like  to  know  what  someone  else 
is  doing  in  this  line,  as  I  understand  several  coal  companies  in 
this  district  have  made  more  or  less  progress  along  lines  of  stand¬ 
ardization  for  mine  track  work. 

Mr.  C.  E.  Long:  Have  you  found  any  occasion  for  elevat¬ 
ing  the  outer  rail  on  curves? 

Mr.  J.  D.  Martin:  No,  because  the  speed  of  the  trips  is 
not  sufficient  to  make  it  necessary  to  elevate  the  rails  at  all. 

Mr.  W.  A.  Weldin,  Chairman  :  Slowing  up  with  a  heavy 
trip  on  a  main  haul  is  a  very  wasteful  procedure.  This  is  very 
evident  when  you  are  testing  the  electric  current.  The  surge 
due  to  accelerating  the  trip  after  slowing  down  is  plainly  indi¬ 
cated  on  the  instruments.  It  may  even  operate  the  circuit-breaker. 
You  can  often  tell  just  about  where  the  trip  is  by  the  circuit- 
breaker  going  out. 

Mr.  W.  M.  Austin  :*  I  would  like  to  ask  if  mine  switches 
have  ever  been  constructed  similar  to  street  railway  switches ;  that 
is,  with  a  notch  cut  in  the  through  rail  into  which  the  blunt  point 
of  the  switch  enters  when  making  a  turnout.  One  of  the  main 
difficulties  with  the  point  switch  is  the  probability  of  the  wheel 
flange  getting  between  the  point  and  the  rail,  resulting  in  de¬ 
railment.  The  switch  having  the  notched  rail  and  the  blunt  point 
partakes  of  the  desirable  characteristics  of  both  the  point  switch 
and  the  stub  switch. 


♦Engineer,  Supply  Engineering  Department,  Westinghouse  Electric 
&  Mfg.  Co.,  East  Pittsburgh,  Pa. 
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Mr.  W.  A.  Weldin’,  Chairman :  To  my  knowledge,  that 
is  new  in  mines.  Mr.  Paul,  did  you  ever  run  into  anything  like 
that  in  your  travels? 

Mr.  J.  W.  Paul:*  I  think  I  have  seen  that  feature  in¬ 
troduced  in  some  mines  where  a  standard-gage  track  and  heavy 
rail  have  been  used. 

Mr.  W.  A.  Weldin,  Chairman :  Generally  our  rails  are 
too  light  for  that.  In  street-railway  practice,  of  course,  they 
get  into  tremendously  heavy  rails  with  wide  special  heads. 
Another  thing  they  have  to  watch  out  for  in  street  traffic  is 
to  get  a  flat  top.  I  used  to  work  for  the  Pittsburgh  Railways 
Company,  and  they  have  some  very  interesting  details  in  their 
track  work.  There  may  he  something  we  can  learn  from  their 
practice. 

With  light  rail  you  would  have  to  reinforce  the  rail  that 
is  notched.  That  reinforcement  could  follow  very  nicely  on 
standardization.  If  you  had  hut  few  standards  you  could  have 
the  notched  rails  shop  manufactured. 

Mr.  C.  E.  Long:  I  presume  the  limit  in  widening  the 
gage  on  curves  is  dependent  entirely  on  the  width  of  wheel 
tread  and  rail  head. 

Mr.  J.  D.  Martin  :  Possibly  so.  Of  course,  the  limit  to 
the  widening  of  the  gage  is  small  on  20-pound  rail  which  is  the 
predominating  weight  in  coal-mines.  I  believe  the  general  rule 
used  in  widening  the  gage  to  determine  the  maximum  width 
is  that  the  outside  edge  of  the  tire  shall  he  even  with  the 
outside  edge  of  the  rail. 

Mr.  C.  E.  Long:  In  rare  instances  I  have  known  of  more 
being  used  in  a  tight  place. 

Mr.  J.  D.  Martin  :  About  one-half  inch. 

Mr.  C.  E.  Long  :  Yes.  The  table  exhibited  for  the  widen¬ 
ing  of  the  gage  on  curves  makes  no  mention  of  the  various  gage- 
in  use.  You  have  developed  the  table  for  one  gage  only. 

•Chief,  Coal  Mining  Investigations.  Pittsburgh  Experiment  Station, 
U.  S.  Bureau  of  Mines. 
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Mr.  J.  D.  Martin  :  Yes.  Where  it  is  possible,  I  believe 
that  any  company  operating  a  group  of  mines  should  use  only 
one  gage. 

Mr.  W.  A.  Weldin,  Chairman :  Of  course,  if  possible,  you 
adopt  the  same  gage  in  all  mines  of  the  same  company.  There 
has  been  talk  of  adopting  a  standard  gage  in  all  mines  but  they 
have  never  gone  that  far. 

Mr.  J.  D.  Martin  :  Yes,  that  is  one  of  the  things  that 
the  Standardization  Committee  of  the  American  Mining  Congress 
has  taken  up  and  they  recommended  a  42-inch  gage  for  all  coal¬ 
mines. 

Mr.  W.  A.  Weldin,  Chairman :  I  know  31  inches  is  too 
little.  I  believe  mine-car  designers  are  getting  to  the  point  where 
they  will  have  a  good  influence  toward  adopting  a  standard 
gage.  We  used  to  think  the  proper  design  was  a  car  as  big 
as  the  clearance  would  permit.  I  •  think  we  are  finding  out  that 
that  is  a  fallacy,  and  that  the  car  should  be  made  as  low  as 
possible  to  reduce  the  labor  of  loading. 

Mr.  J.  D.  Martin  :  I  was  doing  some  work  along  the  same 
line  not  long  ago  and  was  very  much  surprised  to  learn  the 
amount  of  additional  work  a  man  can  do  by  shoveling  coal 
into  a  car,  say  12  inches  lower  than  another  car  of  the  same 
type. 

Mr.  W.  A.  Weldin,  Chairman :  They  may  want  a  wider 
gage  than  42  inches  but  I  do  not  think  there  is  any  tendency 
towards  a  narrower  track. 

Mr.  E.  V.  Braden  :*  I  believe  it  is  highly  in  order  that 
we  should  thank  Mr.  Martin  for  his  splendid  paper.  I  think 
this  is  a  new  departure  in  the  study  of  mine  tracks.  I  am  sure 
there  has  been  very  little  written  and  it  is  to  be  hoped  that  this 
excellent  start  will  be  the  means  of  getting  up  interest  in  this 
very  important  matter. 


♦Engineer,  Pittsburgh,  Chartiers  &  Youghiogheny  Railway  Co.,  Pitts¬ 
burgh. 
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Mr.  C.  E.  Long:  In  confirmation  of  this,  I  wish  to  state 
that  Mr.  Martin  has  brought  together  more  practical  and  valu¬ 
able  information  on  the  narrow-gage  system,  than  has  up  to  this 
time  come  to  my  knowledge. 


USE  OF  CEMENT  AND  CONCRETE  IN  THE  UNDER¬ 
GROUND  WORKINGS  OF  THE  NORTH  BUTTE 

MINING  COMPANY 

By  Robert  Linton* 

The  use  of  cement  in  connection  with  underground  opera¬ 
tions  has  increased  rapidly  within  the  past  few  years.  The  first 
shaft  in  the  United  States  to  be  lined  with  concrete  was  at  the 
Tug  River  coal-mine  in  West  Virginia,  in  1903.  Since  then 
numerous  shafts  have  been  concreted  and  much  concrete  used  in 
tunnels  and  drifts,  underground  skip  pockets,  and  other  workings 
where  permanence  is  the  controlling  factor  in  the  selection  of  con¬ 
struction  design. 

Cement  has  also  found  a  wide  use  underground  for  fire¬ 
proofing  purposes.  Owing  to  the  shifting  character  of  the  ground, 
some  shafts  cannot  be  lined  with  solid  concrete.  They  must  be 
timbered  to  permit  of  realignment,  but  by  coating  the  timbers  with 
cement,  which  can  readily  be  done  with  a  cement  gun,  the  con¬ 
struction  becomes  almost  as  fireproof  as  solid  monolithic  con 
struction. 

During  the  past  five  years  cement  and  concrete  have  been 
employed  quite  extensively  in  connection  with  the  operations  of 
the  North  Butte  Mining  Company,  at  its  mines  at  Butte,  Mon¬ 
tana.  A  description  of  some  of  the  work  done  and  conclusions 
reached,  in  the  light  of  experience  to  date,  are  set  forth  in  this 
paper. 

The  principal  mine  of  the  North  Butte  Mining  Company  is 
operated  through  three  shafts.  The  main  hoisting  shaft  is  the 
Granite  Mountain  shaft,  3740  feet  deep,  equipped  with  an  electric 
hoist  with  a  capacity  of  200  tons  per  hour  from  a  depth  of  4000 
feet.  The  lowest  haulage  level  is  the  3600.  The  Speculator 
shaft,  about  850  feet  south  of  the  Granite  Mountain,  contains 
auxiliary  hoisting  equipment — a  steam  hoist  with  capacity  of  150 
tons  per  hour.  This  shaft  is  3000  feet  deep  and  connected  with 


•Mining1  Engineer,  New  York. 
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the  Granite  Mountain  on  all  working  levels  from  the  1 000  down. 
The  Gem  shaft,  2000  feet  deep,  is  about  1150  feet  east  of  the 
Granite  Mountain  and  is  now  used  chiefly  for  ventilation,  al¬ 
though  equipped  with  a  small  hoist  which  can  he  put  into  service 
in  case  of  emergency.  The  Speculator  and  Gem  shafts  are 
equipped  with  reversible  Sirocco  fans,  ordinarily  run  as  exhaust, 
and  serving  to  control  the  main  air  currents.  The  Granite  Moun¬ 
tain  shaft  is  downcast. 

There  are  approximately  30  miles  of  drifts  and  cross-cuts  in 
the  mine,  and  over  15  miles  of  track  in  service  underground. 
At  normal  capacity,  about  75  stoping  faces,  30  drifts  and  cross¬ 
cuts  and  20  raises  are  working;  and  about  2000  tons  of  ore  are 
mined  per  day.  Stoping  is  usually  done  by  the  standard  square- 
set  method,  but  the  rill  or  cut-and-hll  system  is  also  employed  to 
some  extent. 

The  Butte  ores  occur  in  deep-seated  fissure  veins  of  steep 
dip — -most  commonly  from  about  60  to  75  degrees  from  the 
horizontal.  There  is  profound  and  complex  faulting  and  ex¬ 
tensive  alteration  of  the  wall  rock  in  and  along  the  veins.  The 
principal  rock  is  granite,  which  is  cut  by  numerous  instrusions  of 
aplite  and  quartz  porphyry.*  For  the  purposes  of  this  paper, 
it  is  only  necessary  to  note  that  intensive  shattering  and  crushing 
of  the  rocks  have  resulted  from  the  faulting,  and  that  the  altera¬ 
tion  of  the  granite  in  and  along  the  veins  is  manifested  in  wide¬ 
spread  sericitization  and  kaolinization.  The  vein  filling  is  char¬ 
acteristically  soft  and  heavy,  and  the  vein  walls  frequently  tend 
to  break  in  slabs  even  where  not  materially  altered  and  softened 
by  the  solutions.  The  unaltered  granite  between  the  veins  is  hard 
and  dense.  The  proper  location  for  working  shafts  is  therefore 
in  the  foot-wall,  although  a  number  of  shafts  sunk  by  early 
operators  were  located  in  the  hanging-wall,  and  eventually  cross 
the  veins. 

Cross-cuts  in  the  hard  granite  usually  require  no  timbering: 
drifts  and  raises,  being  in  the  soft,  altered  vein  matter,  require 
timbering  throughout,  some  ground  being  so  heavy  that  it  can  be 

•For  detailed  description  of  the  peoloffy  of  the  Butte  mines,  see: 
“Ore  deposits  at  Butte,  Mont.”  by  Reno  H.  Sales.  Trans.  A.  I.  M.  E.,  v. 
4«,  p.  3. 
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held  only  by  cribbing.  As  frequent  replacement  is  necessary, 
the  timbering  item  is  a  heavy  factor  in  costs.  For  the  year  1920, 
the  timbering  cost  (timber  and  labor)  at  North  Butte  was  as 
follows : 


Fig.  1.  Detail  of  Arrangement  of  Jacket  Sets. 
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Cross-cuts  . $1.41  per  foot. 

Drifts  . 4.12  per  foot. 

Raises  . 16.45  per  foot. 

Square-set  sloping  .  1.45  i>er  ton. 

In  some  areas  there  is  slow  but  persistent  movement  of  the 
entire  rock  mass,  and,  where  this  is  the  case,  or  where  shafts  pass 
through  the  soft  vein  material,  the  rock  movement  or  pressure 
gradually  throws  the  shafts  out  of  alignment  and  they  must  there¬ 
fore  be  plumbed  from  time  to  time.  To  facilitate  this,  “jacket  sets” 
(false  sets  bracing  the  main  shaft  sets  against  the  surrounding 
rock)  are  used  (Fig.  1).  By  lengthening  and  shortening  the 
blocks  about  these  jacket  sets  as  required,  the  distorted  shaft 
timbering  can  again  be  brought  into  proper  alignment.* 

The  Speculator  shaft  was  sunk  in  the  year  1897,  and  is  one 
of  the  oldest  in  the  north  end  of  the  district.  It  starts  in  the 
hanging-wall  of  the  Speculator  vein  some  75  feet  from  the  out¬ 
crop.  The  vein  approaches  the  shaft  until  at  the  600-  and  700-foot 
levels  it  lies  practically  against  the  shaft  timber.  From  the  700- 
foot  level  downward,  the  dip  is  reversed  and  the  vein  recedes 
from  the  shaft  quite  rapidly.  With  greater  depth  the  Edith  May 
vein  was  encountered.  The  shaft  cut  into  it  at  al>out  the  2000-foot 
level  and  passed  entirely  out  of  it  into  the  foot-wall  rock  at  the 
2200-foot  level.  There  are,  therefore,  two  sections  at  which  the 
ground  is  heavy  and  difficult  to  hold — one  of  about  500  feet 
where  the  Speculator  vein  lies  close  to  the  shaft,  and  the  other  at 
the  point  where  the  shaft  passes  through  the  Edith  May  vein. 

Prior  to  starting  the  use  of  concrete  at  North  Butte,  the 
usual  method  of  employing  jacket  sets  was  followed  and  con¬ 
stant  attention  was  required  to  keep  the  shaft  in  repair  and  align¬ 
ment.  Ordinarily  a  crew  of  16  men  per  shift,  or  32  men  per  day, 
was  employed  exclusively  on  this  work.  It  grew  increasingly 
difficult  to  hold  the  shaft,  owing  to  the  slabbing  off  of  the  rock, 
and  required  the  constant  placing  of  additional  jacket  sets  and 
readjustment  of  those  already  in  place. 

♦For  details  of  timbering  in  Butte  mines  see:  “Timbering  in  t lie 
Butte  mines”  by  B.  H.  Dunshee,  Trans.  A.  I.  M.  E.,  v.  46.  p.  137;  “Shaft¬ 
sinking  methods  of  Butte”  by  Norman  B.  Braly,  Trans.  A.  T.  M.  E.,  v.  4  6.  p. 
151;  “Standardization  at  North  Butte  Mining  Company”  by  Robert  Linton, 
Trans.  A.  T.  M.  and  M.  E.,  v.  66,  p.  182. 
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In  1916,  Mr.  Braly,  General  Manager  of  the  North  Butte 
Company,  decided  to  try  concrete  in  this  Shaft,  which  was  an 
innovation  in  the  Butte  district.  The  first  work  done  was  the 
construction,  at  suitable  points,  of  concrete  bearers  which  form 
permanent  supports  for  the  timbering  and  prevent  any  further 
vertical  slipping  of  the  timbers  resting  upon  them.  They  were  built 
about  six  feet  in  vertical  thickness,  the  inside  coinciding  with  the 
inside  of  the  shaft  timbers  and  extending  from  there  outwards  to 
solid  rock  (Fig.  2).  For  the  concrete  the  following  mix,  known  as 
1-2-4  mixture,  was  used: 


Fig.  2.  Reinforced  Concrete  Support  for  Speculator  Shaft. 


Cement  . 1  part  by  volume. 

Sand  . 2  parts  by  volume. 

Gravel  . 4  parts  by  volume. 


The  concrete  was  reinforced  with  discarded  hoisting  cables 
(1.25  inches  in  diameter)  and  with  old  steel  rails. 

The  use  of  these  bearers  proved  so  satisfactory  that  it  was 
decided  to  extend  the  concreting  through  all  of  the  heavy  ground. 
Bearers  were  placed  at  convenient  points  and,  between  them 
walls  were  built  up  15  inches  thick  and  backfilled  with  crushed 
rock.  This  work  totaled  about  500  linear  feet. 
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The  resultant  economy  is  apparent  by  comparing  the  cost 
in  1910  with  that  of  the  last  six  months  of  1920.  In  1916,  there 
were  employed  on  Speculator  shaft  repairs  an  average  of  about 
32  men  with  a  total  cost  for  the  year  of  $53,200.  Recalculating 
this  on  the  basis  of  wages  in  effect  in  1920,  the  cost  would  be 
increased  to  an  average  of  $5833  per  month.  During  the  six 
months  ended  Dec.  31,  1920,  the  average  force  was  2.4  shifts  per 
day,  and  the  total  monthly  cost  of  repairs  to  the  Speculator  shaft 
averaged  only  $389.75. 

About  the  same  time,  studies  were  initiated  by  the  manage¬ 
ment  to  investigate  the  use  of  cement  in  the  lateral  workings  with 
a  view  to  determining  what  saving  in  cost  of  timbering  mainte¬ 
nance  could  be  effected,  especially  in  timbered  drifts.  These  in¬ 
vestigations  followed  four  lines: 

1.  Use  of  solid  concrete  slabs  of  practically  the  same  dimen¬ 
sions,  and  placed  underground  in  exactly  the  same  manner,  as 
the  timbered  sets. 

2.  Coating  the  timbered  sets  with  cement,  either  before 
setting  up  or  immediately  after. 

3.  Coating  with  cement,  timbers  which  had  been  in  place 
for  some  time,  and  in  which  decay  had  begun  to  develop  but  not 
sufficiently  to  weaken  them  seriously. 

4.  Coating  with  cement,  ground  which  tends  to  slab  when 
exposed  to  the  air,  with  a  view  to  determining  whether  the  sealing 
of  such  ground  and  keeping  it  away  from  atmospheric  influences 
would  prevent  slabbing. 

These  investigations  covered  a  considerable  length  of  time, 
and  the  conclusions  reached  are  as  follows: 

1.  Concrete  members  can  be  made  having  the  requisite 
strength,  but,  owing  to  high  cost  and  excessive  weight,  their  use 
is  not  justified. 

2.  Coating  new  timbers  with  cement  materially  lengthens 
their  life,  especially  in  hot  and  humid  workings.  In  very  heavy 
ground,  however,  the  timbers  are  eventually  crushed  or  split  and 
must  be  replaced,  so  that  practically  no  economy  results  from 
coating  them  in  such  cases. 
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3.  Coating  old  timbers  with  cement  does  arrest  decay  when 
not  too  advanced,  and  undoubtedly  prolongs  the  life  of  timbers 
so  coated. 

4.  Cement  coating  of  ground  which  tends  to  air  slack  and 
slab,  forms  an  effective  air  seal  and,  if  the  cement  is  applied  im¬ 
mediately  after  the  ground  is  broken  and  the  rock  face  exposed, 
there  is  practically  no  danger  of  rock  falls  occurring. 

Naturally  the  most  positive  form  of  construction  would  be 
to  line  the  workings  entirely  with  concrete,  as  in  railroad  tunnels, 
but,  except  at  shaft  stations  and  for  haulage  ways  which  remain 
.in  operation  for  many  years,  the  high  cost  of  doing  this  is  not  war- 


Fi g.  3.  Cement  Gun  in  Operation. 

ranted.  No  such  work  (aside  from  stations)  has  been  done  at 
North  Butte. 

The  cement  gun  (Fig.  3)  is  used  for  coating  the  timbers  and 
exposed  wooden  surfaces.  This  apparatus,  which  is  extremely 
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convenient  and  effective  for  underground  work,  sprays  the  grout 
by  compressed  air  over  the  surface  to  be  coated.  The  materials  - 
cement  and  sand — are  mixed  dry  and  poured  into  a  hopper  com¬ 
municating  with  the  upper  chamber  of  the  machine.  The  mixture 
is  fed  intermittently  to  the  lower  chamber  and  is  forced  out 
still  dry — through  the  hose  and  into  the  nozzle.  Here  water  i> 
added  through  needle  jets  under  higher  pressure  than  the  air  and 
the  wet  material  driven  with  considerable  force  against  the  timbers, 
forming  a  very  hard  and  dense  mortar.  The  name  gunite  has 
been  given  to  this  product  and  is  in  general  use.* 

Cement  does  not  adhere  well  to  wood  in  most  cases ;  con¬ 
sequently,  before  the  timbers  are  coated,  expanded  metal  or  woven 
wire  (not  coarser  than  one-inch  mesh)  is  tacked  to  them.  This 
acts  as  a  light  reinforcement  throughout  the  entire  film  of  cement, 
which  averages  about  Vs  of  an  inch  thick,  and  insures  its  perma¬ 
nent  adhesion  to  the  structure. 

The  cement  gun  can  also  be  used  very  effectively  for  fire¬ 
proofing  surface  buildings.  A  rough  board  structure  covered 
with  woven  wire  and  coated  with  cement  is  entirely  fireproof 
and  at  the  same  time  presents  a  very  neat  and  attractive  appear¬ 
ance. 

In  1917,  a  fire  in  the  Granite  Mountain  shaft,  resulting  from 
the  accidental  ignition  of  an  insulated  power  cable  while  it  was 
being  installed,  destroyed  the  timbering  from  the  1700-  to  the  ‘2800- 
foot  level.  The  shaft  was  badly  caved  for  considerable  portions 
of  the  distance,  as  were  several  of  the  stations  as  well.  This 
caved  condition  rendered  the  problem  of  repairs  extremely  seri¬ 
ous.  It  was  obviously  impossible  to  retimber  certain  sections,  so 
it  was  necessarv  to  devise  some  other  means  of  making  repairs, 
or  sink  a  new  shaft,  an  alternative  not  only  extremely  costly  but 
involving  long  delay.  The  experience  with  concrete  in  the  Specu¬ 
lator  shaft  naturally  suggested  its  use  for  this  job,  and  it  was 
therefore  decided  to  make  the  repairs  by  using  monolithic  con¬ 
crete  for  the  entire  length  of  shaft  in  which  the  timbers  had  been 
destroved.  The  concreting  was  eventually  extended  to  below  the 
3000-foot  level.  As  above  stated,  the  Granite  Mountain  shaft 

•“Construction  work*  bv  cement  pun  methods."  by  Arthur  J  White. 
Proceedings,  Pnpineers’  Society  of  Western  Pennsylvania,  v.  36,  p.  109. 
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was  connected  with  the  Speculator  shaft  on  all  levels  comprised 
within  the  portion  of  the  shaft  destroyed,  which  made  it  possible 
to  prosecute  the  work  on  each  level  simultaneously,  starting  at 
each  sill,  after  carefully  bulkheading  the  shaft  above,  and  carry¬ 
ing  the  work  down  to  the  next  level,  about  200  feet  below. 

Very  close  engineering  was  of  course  required,  since  after 
completion  of  the  work  there  would  be  no  possibility  of  realign¬ 
ing  the  shaft  if  any  section  should  prove  to  be  out  of  position. 
Therefore,  the  first  work  done  was  to  have  complete  resurveys 
made  by  two  independent  crews  checking  against  each  other  and 
against  the  survey  points  previously  located  underground.  No 
concreting  was  done  until  these  surveys  were  brought  into  practi¬ 
cal  agreement,  and,  as  the  work  progressed,  the  engineers  kept 
close  control  of  alignment.  As  a  result,  the  connections  were  all 
close  and  the  finished  shaft  as  straight  as  if  it  had  been  concreted 
continuously  instead  of  in  sections. 

Prior  to  working  out  the  details  of  the  structure  and  methods 
to  be  used,  Mr.  Braly,  through  the  courtesy  of  the  Calumet  and 
Arizona  Mining  Company,  and  Inspiration  Consolidated  Copper 
Company,  was  afforded  the  opportunity  of  visiting  the  concreted 
shafts  at  their  mines  in  Arizona  and  obtained  some  very  useful 
suggestions  bearing  on  the  work  in  hand.  The  Foundation  Com¬ 
pany  of  New  York  was  also  called  into  consultation  to  secure  the 
benefit  of  that  company’s  wide  and  successful  experience  in  sink¬ 
ing  and  concreting  shafts  through  quicksand  and  other  difficult 
formations.  The  information  thus  obtained  was  used  in  connec¬ 
tion  with  the  experience  gained  in  concreting  the  Speculator  shaft, 
and  plans  for  the  repairs  were  developed  which  were  success¬ 
fully  carried  out. 

Owing  to  the  caved  condition  of  so  much  of  the  shaft  it  was 
essential  to  design  a  structure  which  would  possess  sufficient 
strength  and  rigidity  to  resist  any  lateral  pressure  to  which  it 
might  be  subjected.  These  requirements  were  met  by  building 
reinforced  concrete  around  a  structural  steel  framework.  Six-inch, 
12 ^2 -pound  beams  were  used  for  the  horizontal  members  and 
10-inch,  25-pound  beams  for  the  vertical  members,  connections 
being  %-inch  angles  and  splice-bars  riveted  to  the  beams  with 
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^8-inch  rivets.  The  relation  of  the  framework  to  the  concreting 
and  shaft  timbering  is  shown  in  Fig.  4,  and  details  of  the  structure 
appear  in  Fig.  5  and  6. 
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Fig.  4. 
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Plan  of  Granite  Mountain  Shaft. 
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Fig.  5.  Structural  Steel  for  Concrete  Lining  of  Granite  Mountain  Shaft. 


Fig.  6.  Structural  Steel  Used  at  Granite  Mountain  Shaft. 

The  steel  structure  is  carried  on  solid  reinforced  concrete 
bearers  placed  at  carefully  selected  points  in  the  shaft  where  the 
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grotincl  is  linn.  The  steel  framework  is  embedded  in  these  bearers, 
which  carry  the  weight  of  the  entire  structure.  Met  ween  bearers 
the  concrete  shaft  lining  varies  in  thickness  from  l‘>  to  -0  inches 
according  to  the  character  of  the  ground.  The  four  compartments 
of  the  shaft  are  separated  from  each  other  by  solid  partitions, 
10  inches  thick  between  the  main  hoisting  compartments;  9JT> 
inches  thick  between  the  north  hoisting  compartment  and  the 
“Chippie”,  or  man-hoist  compartment;  and  0  inches  thick  between 
the  man-hoist  and  pipe  and  cable  compartments.  For  a  few  short 
stretches  these  partitions  were  extended  to  form  ribs  bracing  the 
structures  against  the  solid  rock.  The  entire  space  between  the 
concrete  walls  and  the  rock  behind  was  of  course  entirely  filled 
with  loose  rock;  but,  where. the  space  was  four  inches  or  less,  no 
back  forms  were  used  and  the  concrete  extended  out  to  the  solid 
rock. 

The  first  step  in  the  work  on  each  level  was  to  clear  con¬ 
necting  haulage  ways  of  fallen  rock  and  debris,  repair  the  stations, 
and  put  them  in  shape  to  push  the  work  in  the  shaft.  The  caved 
ground  around  the  shaft  proper  was  then  secured  by  driving  over¬ 
head  and  side  spiling,  and  the  shaft  cleared  of  debris  on  the  sta¬ 
tion  level.  Structural  steel  sets  were  then  placed  in  the  shaft — 
using  the  greatest  care  to  locate  them  accurately,  according  to  the 
survey — and  the  “back”  bulkheaded  f or  the  safety  of  the  shaft 
crew. 

Sinking  through  the  caved  rock  and  debris  was  then  begun 
and  structural  steel  sets  placed  as  fast  as  there  was  room  to  hang 
them.  Much  of  the  ground  required  spiling,  which  was  driven 
from  C>-  by  10-inch  timbers  resting  against  the  steel  (Fig.  ?).  In 
the  heavier  ground  the  steel  sets  were  braced  with  timbers  which 
were  removed  as  the  concrete  was  poured. 

A  hearer  was  placed  when  a  suitable  point  was  reached,  and, 
as  soon  as  the  concrete  was  thoroughly  set,  excavating  and  placing 
steel  was  resumed  and  continued  until  another  bearer  was  placed 
or  the  next  level  below  was  reached.  Commencing  from  the  bot¬ 
tom  and  proceeding  upward,  forms  were  then  placed  and  the  con¬ 
crete  poured.  The  concrete  was  mixed  on  the  level  above  and 
handled  through  six-inch  pipes  to  the  point  of  use.  The  maximum 
distance  that  the  mixed  concrete  was  spouted  was  100  feet. 
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The  standard  1-2-4  mix  was  used  throughout.  Crushed  re¬ 
verberatory  slag  from  the  Anaconda  smelter  was  used  interchange¬ 
ably  with  the  limestone,  and  with  results  equally  satisfactory. 
Analyses  of  the  materials  are  as  follows: 


SIDE  VIEW.  END  VIEW 

Fig.  7.  Detail  of  Spiling  Through  Caved  Ground. 
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Limestone 

Reverl>eratory  slag 

per  cent. 

per  cent. 

SiO, 

7.8 

39.5 

FeO 

1.4 

41.0 

ai2o3 

0.4 

7.8 

CaO 

49.8 

6.1 

co2  ' 
s 

39.2 

0.5 

Both  steel  and  wooden  forms  were  used,  but  for  this  partic¬ 
ular  work  the  wooden  forms  proved  to  he  much  more  satisfac¬ 
tory.  They  were  cheaper,  lighter,  and  easier  to  handle,  and  the 
concrete  did  not  adhere  to  the  wood  as  much  as  to  the  steel. 
While  the  concreting  was  being  done,  as  the  forms  were  removed 
from  a  finished  section  they  were  hoisted  with  ropes  through 
other  forms  above  holding  freshly  poured  concrete,  and  reset  for 
use  again.  The  space  through  which  the  forms  were  hoisted  was 
cramped,  and  therefore  the  lighter  the  forms  the  more  easily  they 
could  be  handled,  and  the  less  danger  there  was  to  men  working 
below.  Where  a  new  shaft  is  being  sunk  and  concreted  at  the 
same  time,  steel  forms  are  usually  preferable  to  wooden  ones, 
since  the  working  conditions  are  very  different  from  the  condi¬ 
tions  under  which  the  Granite  Mountain  repairs  were  made.  De¬ 
tails  of  the  steel  forms  used  are  shown  in  Fig.  8  and  9. 

As  the  shaft  was  clear  albove  the  l<S00-foot  level,  materials 
for  concreting  down  to  the  2000  level  were  handled  through  the 
Granite  Mountain  shaft.  On  all  other  levels  the  materials  were 
lowered  through  the  Speculator  shaft  and  trammed  to  the  Granite 
Mountain.  Work  was  carried  forward  simultaneously  on  the 
1800,  2000,  2200,  2400,  2600,  2800,  and  3000  levels 

The  most  difficult  situation  was  on  the  2000  level.  Here  the 
station  was  entirely  caved  to  a  height  of  over  50  feet  above  the 
sill,  and  the  cross-cuts  leading  from  it  were  caved  for  a  total 
combined  distance  of  150  feet.  Furthermore,  the  shaft  walls 
were  caved  for  some  distance  back — just  how  far  is  not  known, 
as  no  attempt  was  made  to  reach  solid  rock  at  the  station  level. 
To  reach  the  shaft,  a  timbered  raise  was  run  through  the  broken 
rock  to  the  solid  rock  50  feet  above  the  sill,  and  a  passageway 
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Fig.  8.  Detail  of  Steel  Forms  for  Concrete  Work  in  Granite  Mountain 

Shaft. 
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Detail  of  Steel  Forms  for  Concrete  W  ork  in  Granite  Mountain  Shaft. 
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was  timbered  to  the  shaft.  To  support  this  heavy  ground,  bridge 
trusses  of  timber  were  built  as  shown  in  Fig  10.  In  this  way 
ihe  heavy  ground  above  was  secured  and  a  safe  and  permanent 
passageway  provided  through  which  approach  to  the  shaft  could 
be  made.  The  lateral  pressure  in  the  shaft  at  this  point  was  also 
very  heavy — so  great  that  two  24-inch  steel  beams  which  were 
placed  to  brace  the  spiling  at  the  ends  of  the  shaft  were  badly 
buckled.  By  slow  and  careful  work  the  ground  was  finally  spiled, 
and  the  steel  placed  to  a  point  66  feet  below  the  level  where  the 
rock  was  sufficiently  firm  to  hold  a  bearer.  The  shaft  here  was 
concreted  as  in  other  cases,  except  that  the  walls  were  made  20 
inches  thick  and  very  heavily  reinforced.  The  reinforcing  bars 
used  in  this  section  were  y%- inch,  cold-twisted,  square  bars  spaced 
eight  inches  apart  between  horizontal  pieces  and  16  inches  apart 
for  the  vertical  members. 

Standard  inserts  for  guide  bolts,  shown  in  Fig.  11,  were  em- 
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Fig.  10.  Detail  of  Truss. 

bedded  in  the  concrete  in  pairs  five  feet  apart.  They  furnish 
amply  strong  supports  for  the  guides  and  at  the  same  time  permit 
easy  removal  and  replacement  of  broken  bolts. 

The  shaft  was  concreted  from  a  point  90  feet  above  the  1800 
station  to  50  feet  below  the  3000,  or  a  total  distance  of  1340  feet. 
The  structural  steel  was  carried  down  to  100  feet  below  the  2400 
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level.  Below  that  point  the  shaft  was  not  so  badly  caved,  al¬ 
though  filled  with  rock  and  debris,  and  reinforced  concrete  alone 


HORIZONTAL  SECTION 
ON  C-D. 


VERTICAL  SECTION  ON  A  — E>. 


Fig.  11.  Detail  of  Granite  Mountain  Shaft. 
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was  used.  Of  the  total  of  1340  feet,  a  distance  of  813  feet  was 
repaired  by  using  concrete  with  steel  framework,  and  527  feet 
without  the  structural  steel. 

The  2000  station  was  concreted  for  a  length  of  50  feet ;  the 
1800,  12  feet;  the  2200,  16  feet;  the  2400,  five  feet;  the  2600,  12 
feet;  and  the  2800,  six  feet.  Skip  pockets  on  all  the  above  men¬ 
tioned  stations  were  concreted. 

There  was  placed  altogether  a  total  of  6380  cubic  yards  of 
concrete.  The  total  materials  used  were  as  follows  : 


Cement 

38280 

sacks 

Sand 

3190 

yards 

Crushed  rock 

1075 

vards 

j 

Slag 

4655 

yards 

Reinforcing  bars 

376 

tons 

Six-inch  steel  beams 

7700 

feet 

Ten-inch  steel  beams 

8130 

feet 

There  were  used,  on  an  average,  118  pounds  of  reinforcing 
steel  per  cubic  yard  of  concrete  set.  In  the  shaft  proper,  includ¬ 
ing  bearers,  there  was  used  an  average  of  390  pounds  per  linear 
foot. 

In  doing  the  preparatory  work  14,163  tons  of  rock  (cleaned 
out  of  the  caved  stations  and  shaft)  were  hoisted;  in  addition  to 
timber,  pipe,  and  other  debris.  For  spiling,  and  temporary  tim¬ 
bering,  989,424  feet  (board  measure)  of  timber  and  lumber  were 
used. 

The  repairs  were  commenced  on  Aug.  30,  and  the  first  con¬ 
crete  was  poured  on  Sept.  12 ;  the  concreting  was  finished  on 
Jan.  20  of  the  following  year,  and  the  first  ore  was  hoisted  through 
the  repaired  shaft  on  Feb.  1.  The  entire  job  was  done  in  22 
weeks — a  remarkable  record  considering  the  difficulties  encoun¬ 
tered.  The  cost  was  necessarily  high  since  speed  was  the  most 
essential  factor.  Cost  of  concreting  (mucking  not  included)  for 
two  sections  of  the  shaft — one  where  steel  construction  was  used. 
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and  the  other  concrete  without  steel  construction — are  given 

below : 


Cost  of  concreting 


With  steel  framework 

15  days'  work  Cost  per  foot  of  shaft 

82^  feet  concreted  Labor  Material  Total 

Back  forms . S9.65  $  1.34  $10  99 

Reinforcing .  6.55  10.90  17.45 

Stripping  and  setting  forms .  20.50  20.55 

Concreting . 17.60  17.60 

Handling  material .  9.15  9.15 

Cement .  13  .35  1 3  . 35 

Sand .  2.26  2.26 

Slag .  4.90  4.90 

Structural  steel .  31.40  31 .40 

Placing  structural  steel .  4 .80  _  j4  j<0 

Total . S68.25  S64.15  $132.40 

Without  steel  framework 

30  days’  work  Cost  per  foot  of  shaft 

75  feet  concreted  Labor  Material  Total 

Forms . $  3  .40  S  .25  $  3  .65 

Reinforcing .  5.20  14.10  19.30 

Stripping  and  setting  forms .  16.70  16.70 

Concreting .  7.95  7.95 

Handling  material .  9.15  9.15 

Cement .  11.50  11.50 

Sand . 1.60  1.60 

Slag .  3.45  3.45 

Total . S42.40  S  30.90  $73.30 


Between  the  top  of  the  monolithic  construction  and  the  collar 
of  the  shaft,  the  compartment  containing  the  manway  with  sub¬ 
compartment  carrying  the  pipe  lines  and  electric  cables  was  fire¬ 
proofed  with  gunite.  This  work  was  done  after  the  shaft  was 
put  into  commission  and  was  completed  without  interfering  with 
hoisting. 

The  concrete  has  now  been  in  place  for  nearly  three  years. 
During  that  time  no  repairs  whatsoever  have  been  required,  the 
concrete  has  developed  no  cracks  and  is  in  as  good  condition  as 
when  placed.  There  seems  to  l>e  no  doubt  that  it  will  so  remain 
as  long  as  the  shaft  remains  in  service. 

In  the  period  of  approximately  five  years  during  which 
concrete  has  been  in  use  at  the  North  Butte  mines  excellent 
opportunity  has  been  afforded  to  study  its  advantages  and  the 
economies  resulting  from  substituting  this  type  of  construction 
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for  timber.  The  following  conclusions  may  be  drawn  from  this 
experience : 

1.  Where  a  shaft  is  to  be  used  over  a  period  of  years  there 
is  decided  economy  in  concreting  it,  and  the  work  should  be  done 
while  the  shaft  is  being  sunk.  There  is  some  addition  to  first  cost, 
but  this  is  more  than  compensated  for  by  the  saving  in  repairs. 

2.  Similarily  it  is  economy  to  concrete  an  existing  timbered 
shaft  if  it  is  demonstrated  that  the  life  of  the  mine  will  be  pro¬ 
longed  over  a  sufficient  period  of  years  to  warrant  the  expendi¬ 
ture. 

3.  The  length  of  life  of  a  mine  necessary  to  justify  con¬ 
creting  varies  with  the  conditions  above  noted,  but  it  is  believed 
that  with  few  exceptions  there  would  be  a  saving  if  the  shaft  is 
to  be  used  for  a  period  of  10  years. 

4.  The  above  economies  do  not  take  into  account  the  ad¬ 
vantages  resulting  from  having  the  shaft  absolutely  fireproof  and 
entirely  obviating  the  risk  of  fire,  always  existing  in  timbered 
shafts,  if  dry. 

5.  The  use  of  concrete  at  shaft  stations  is  desirable  chiefly 
on  account  of  greater  protection  against  fire,  but  this  can  be 
achieved  as  well  by  coating  the  timbers  of  the  station  with  gunite. 

6.  Solid  concrete  construction  in  haulage  ways  is  justified 
only  where  the  ground  is  heavy  and  a  large  tonnage  is  to  be  trans¬ 
ported  over  a  considerable  period  of  years ;  likewise,  the  advantage 
of  using  concrete  slabs  instead  of  timbers  is  not  justified  by  the 
advantages  obtained. 

7.  In  hot  and  humid  workings,  especially  if  there  is  only 
moderate  ground  presssure,  there  is  a  decided  economy  in  coating 
timbers  with  gunite  when  installed,  since  the  life  of  the  timbers 
is  very  materially  lengthened. 


DISCUSSION 


Mr.  H.  N.  Eavenson  :*  Does  increased  amount  of  footage 
obtained  in  the  use  of  standard  drill  rounds  require  more  pow¬ 
der? 

Mr.  Robert  Linton  :  Slightly  more  powder  is  required  but 
much  less  than  would  be  in  proportion  to  the  additional  rock 
broken. 


Mr.  Graham  Bright  Have  you  found  any  advantage 
in  the  use  of  treated  rather  than  untreated  timbers  ? 


Mr.  Arthur  J.  White :±  I  would  like  to  ask  you  about  the 
use  of  gunite  on  rock  faces;  whether  there  is  any  spalling;  and 
what  the  approximate  temperature  was  when  the  gunite  was 
applied ;  also  whether  gunite  was  used  in  covering  structural  steel 
supports. 

Mr.  Robert  Linton  :  The  gunite  was  applied  directly  to 
the  rock  faces  and  there  was  no  spalling  after  it  was  applied. 
We  did  not  of  course  apply  the  cement  until  after  the  rock  face 
had  cooled  so  that  the  gunite  was  applied  at  the  ordinary  under¬ 
ground  temperature  of  the  mine.  I  might  say  we  have  not  used 
much  gunite  for  this  purpose  as  there  is  very  little  trouble  with 
slabbing  in  the  cross-cuts.  Most  of  our  experience  was  in  one 
cross-cut  where  the  rock  did  slab  off  to  some  extent  and  in  this 
working  we  found  that  where  the  rock  was  air  sealed  by  the 
use  of  gunite,  there  was  no  trouble  with  slabbing. 

We  do  not  use  structural  steel  for  underground  supports 
and  therefore  have  had  no  experience  with  the  use  of  gunite  as  a 
coating  for  steel. 

Mr.  G.  E.  Flanagan  :§  I  am  surprised  at  the  amount  of 
square  timber  that  is  used.  Could  not  round  timbers  be  used  as 
well?  Is  any  of  the  -timber  salvaged? 
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Mr.  Robert  Linton  :  The  advantage  of  using  square  timber 
is  that  it  can  be  framed  more  easily  and  accurately.  Considerable 
round  timber  is  used  as  well  in  drifts  where  the  weight  is  not 
excessive  and  in  stopes  which  are  not  too  wide.  There  is  of 
course  some  economy  in  the  first  cost  of  round  timber  where  it 
can  be  used  to  advantage.  Some  timber  is  salvaged  but  not  a 
great  deal,  since  the  timbers  are  used  as  a  temporary  support  and 
the  space  between  them  is  filled  up  as  close  to  the  stoping  backs 
as  is  possible. 

Mr.  G.  E.  Flanagan  :  l  imbering  of  the  stopes  reminds  me 
very  much  of  what  was  called,  many  years  ago,  slow-burning 
construction  for  office,  warehouse,  and  other  similar  buildings. 
It  was  claimed  that  this  was  even  better  than  steel  as  a  safe¬ 
guard  against  fire,  the  argument  being  that  such  heavy  timber 
would  not  ordinarily  burn  rapidly  enough  to  let  the  building 
down  where  they  have  fire  departments.  The  timbering  in  the 
shaft  described  appears  to  represent  precisely  such  slow-burning 
construction  and  I  would  like  to  ask  why  the  fire  spread  so 
rapidly. 

Mr.  Robert  Linton  :  The  fire  started  at  a  point  2800  feet 
down,  which  was  the  same  as  if  a  fire  were  started  at  the  base 
of  a  stack  2800  feet  high.  It  was  started  by  the  accidental  igni¬ 
tion  of  the  inflammable  insulation  of  a  power  cable  which  had 
gotten  away  from  the  electricians  who  were  installing  it.  This  very 
quickly  created  a  hot  fire  which  was  communicated  to  the  timbers 
and,  with  the  strong  draft  which  was  speedily  developed,  even  the 
heavy  timbers  burned  quite  rapidly.  Water  could  not  be  applied 
to  the  shaft  because,  had  this  been  done,  it  would  have  reversed 
the  air  current,  converting  the  shaft  into  a  downcast  and  carry¬ 
ing  the  poisonous  gases  of  combustion  back  into  the  workings 
where  there  were  still  a  considerable  number  of  men.  Ordinarily, 
a  fire  would  not  start  with  the  intensity  with  which  this  fire  started, 
and  as  a  matter  of  fact  shaft  fires  in  timbered  shafts  are  very  rare 
considering  the  great  number  of  such  shafts  which  are  in  regular 
operation. 

Mr.  G.  E.  Flanagan  :  How  much  dust  is  created  in  metal 
mining  operation  and  is  it  one  of  the  difficulties  encountered? 
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iMk.  Robert  Linton:  So  far  as  volume  is  concerned,  the 
dust  problem  is  not  serious.  We  keep  a  strong  current  of  air 
passing  through  the  mine  for  purposes  of  ventilation  and  cooling. 
It  is  not  solely  a  question  of  providing  pure  air  for  breathing 
but,  since  the  rock  temperature  on  the  lower  levels  is  over  IU() 
degrees,  it  is  necessary  to  lower  it  artificially  in  order  to  enable 
the  men  to  do  satisfactory  work.  Further,  the  collar  of  the  shaft 
is  6110  feet  above  sea  level  and  the  natural  evaporation  at  this 
altitude  has  a  cooling  effect ;  while  on  the  11600  foot  level  we  an- 
only  2600  feet  above  sea  level.  Consequently,  the  advantage  of 
rapid  evaporation  is  lost  and  stronger  air  currents  must  be  pro¬ 
vided  to  keep  men  cool.  This  is  a  point  which  I  think  is  frequently 
overlooked  in  planning  ventilation  for  deep  mines. 

The  flow  of  air  is  sufficient  to  remove  the  dust.  It  is  not 
the  quantity  of  dust  but  the  character  of  it  which  is  injurious. 
The  dust  contains  particles  of  rock  which  are  very  fine  and  sharp, 
and,  when  breathed,  irritate  the  delicate  membranes  of  the  pass¬ 
ages  to  and  through  the  lungs,  developing  a  condition  called 
silicosis.  This  is  frequently  termed  miner’s  consumption  and  was 
for  many  years  attributed  to  the  fact  that  the  men  worked  under¬ 
ground,  until  it  was  realized  that  the  real  cause  was  irritation 
by  the  fine  rock  particles.  In  all  of  our  drilling  work,  where  it 
is  practicable  to  do  it,  we  use  drills  in  which  a  small  jet  of  water 
passes  through  the  hollow  steel  bit  and  thus  keeps  the  drilling  face 
wet.  Such  drills  make  no  dust. 

Mr.  G.  E.  Flanagan  :  What  percentage  of  the  material 
broken  down  is  raised  to  the  surface? 

Mr.  Robert  Linton  :  Since  enough  waste  rock  has  to  be 
provided  to  fill  the  stopes  from  which  ore  has  been  extracted, 
waste  rock  produced  in  development  is  used  for  that  purpose  so 
far  as  possible.  The  amount  of  waste  rock  varies  with  condi¬ 
tions.  If  an  extensive  program  of  development,  such  as  cross 
cutting  in  waste  rock,  is  being  prosecuted,  the  mine  may  pro¬ 
duce  more  waste  than  is  required  for  filling.  If,  on  the  other 
hand,  the  development  work  is  largely  in  ore.  then  the  mine 
may  not  produce  sufficient  waste  and  it  is  necessary  to  mine  a 
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certain  quantity  of  waste  rock  in  order  to  get  enough  filling  for 
the  stopes. 

Mr.  G.  E.  Flanagan  :  I  judge  timber  has  to  be  brought 
very  considerable  distances  out  there  and  with  the  price  of  tim¬ 
ber  going  higher  all  the  time  the  cost  will  probably  soon  equal 
that  of  concrete. 

Mr.  Robert  Linton:  Naturally,  the  higher  the  price  of 
timber  the  more  nearly  does  the  cost  of  timbering  approach  that 
of  concreting.  There  is,  however,  still  a  considerable  spread  in 
first  cost.  The  economy  results  from  the  greater  permanence  of 
the  concrete  construction. 

Mr.  Arthur  J.  White:  Do  you  have  a  condition  in  your 
mines  where  the  rock  after  it  is  excavated  is  under  pressure  and, 
when  you  apply  the  gunite  to  it,  it  will  not  hold  ?  I  was  in 
Northern  New  York  a  couple  of  weeks  ago  and  in  the  Shandaken 
tunnels  being  sunk  there  for  the  New  York  Board  of  Water 
Supply,  they  have  a  condition  where  the  rock  is  under  terrific 
stress  and  after  the  tunnel  has  been  drilled,  pieces  flake  off,  which 
makes  it  very  dangerous  for  the  men  working  in  the  tunnel  as 
these  pieces  of  rock  come  with  terrific  force.  They  tried  to  use 
•the  cement  gun  to  stop  that  flaking,  but  it  was  not  a  success. 
I  was  wondering  if  you  had  any  such  condition  in  your  mine. 

Mr.  Robert  Linton  :  No  such  condition  has  ever  come 
under  my  observation  either  in  Butte  or  elsewhere.  Timbering 
and  stope  filling  is  for  the  purpose  of  supporting  the  weight 
of  overhanging  rock  after  the  removal  of  ore. 

Mr.  Arthur  J.  White:  I  also  understand  that  the  Ana¬ 
conda  Company  is  using  the  cement  gun  to  a  great  extent  to 
combat  mine  fires.  It  is  my  understanding  that  thev  have  as 
many  as  nineteen  guns  there. 

Mr.  Robert  Linton  :  I  do  not  know  how  many  cement  guns 
the  Anaconda  Company  uses,  but  gunite  is  employed  to  a  very 
great  extent  in  its  underground  workings,  both  for  fireproofing 
the  shafts  and  for  other  purposes. 


I}*  :*;  J  DISCUSSION — CEMENT  AND  CONCRETE  IN  UNDERGROUND  WORKINGS  101 


Mr.  J.  R.  Elliott:*  I  would  like  to  ask  the  average  footage 
per  shift  in  crosscutting. 

Mr.  Robert  Linton  :  We  frequently  average  over  five 
feet  per  round  broken  for  all  cross-cuts  driven  during  a  week.  The 
actual  advance  per  shift  varies  with  the  position  of  the  work, 
the  length  of  haul,  and  other  factors  chiefly  connected  with  hand¬ 
ling  the  rock  after  it  is  broken.  Over  half  of  the  total  labor 
underground  is  employed  in  handling  the  broken  ore  and  waste 
rock,  and  it  is  this  part  of  the  work  which  is  hardest  to  speed  up. 
Owing  to  the  limited  size  of  the  workings,  mechanical  loading 
possesses  little  advantage.  In  spite  of  this,  the  deeper  rounds  are 
a  decided  economy.  It  means  saving  in  powder  and  drill  steel  and 
the  time  required  to  set  up  and  take  down  the  drill  is  spread 
over  a  greater  footage. 

Mr.  H.  X.  Eavenson  :  I  was  a  little  surprised  at  the  state¬ 
ment  that  the  use  of  concrete  over  timber  is  justified  in  shafts, 
if  they  have  a  life  of  only  ten  years.  Of  course,  they  are  very 
much  smaller  than  coal  shafts  hut  1  do  not  think  any  man  start¬ 
ing  a  shaft  tor  coal  with  a  life  of  only  10  years  would  have 
either  money  or  nerve  enough  to  put  in  a  concrete  shaft.  We 
would  not  have  had  a  chance  to  put  in  the  1'ug  River  shaft  men¬ 
tioned  if  it  had  had  a  life  of  only  10  years.  That  had  a  life  of 
40  years  or  more.  I  doubt  if  concrete  shafts  would  be  justified 
in  a  coal  plant  under  25  or  30  years. 

Mr.  Robert  Linton  :  That  is  probably  about  right,  be¬ 
cause  the  rocks  overlying  coal  measures  do  not  require  the  strong 
bracing  which  is  usually  necessary  in  the  western  metal  mining 
shafts,  since  these  are  usually  sunk  through  rock  that  is  more  or 
less  shattered.  Where  shafts  are  sunk  in  an  unbroken  sedimen¬ 
tary  formation  which  parallels  the  conditions  in  coal  mines,  the 
life  of  the  mine  would  have  to  lie  longer  to  justify  the  concret¬ 
ing.  I  know  of  one  shaft  which  was  sunk  through  limestone  over 
12  years  ,  ago,  and  has  up  to  date  required  very  little  repair. 
The  average  of  10  years  was  based  on  conditions  winch  usually 
prevail  in  metal  mining. 
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Mr.  J.  W.  Paul:*  1  have  been  very  much  interested  in 
the  paper.  The  speaker  has  made  quite  a  contribution,  to  the 
literature  of  the  Society  and  has  brought  in  some  new  phases  of 
the  use  of  concrete  that  some  engineers  in  this!  section  of  the 
country  are  not  in  touch  with,  since  conditions  in  metal  mines 
are  very  different  from  what  we  have  in  coal  mines.  He  has 
referred  to  certain  uses  of  concrete  in  metal  mines,  which  have 
come  into  very  general  use  in  recent  years  in  coal  mines  and 
that  is  the  use  of  the  cement  gun  in  roof  protection.  That  is 
being  done  very  successfully  in  the  manner  he  has  related.  We 
have  used  it  in  our  experimental  mine.  Some  cement  put  on 
with  a  cement  gun  has  been  in  place  five  or  six  years,  during 
which  time  it  has  been  subject  to  the  pressure  of  probably  150 
mine  explosions.  The  important  thing  in  the  application  of  it 
is  to  make  sure  that  there  are  no  voids  back  of  it  through  which 
air  or  moisture  might  disintegrate  the  material  and  thus  cause 
swelling  that  will  force  the  cement  off  the  surface.  In  a  great 
many  instances  we  have  not  been  required  to  put)  on  a  mesh. 
Often  by  driving  a  few  pegs  or  nails  in  the  shale,  the  coating  of 
cement  will  adhere.  We  have  been  very  successful,  without  the 
use  of  wire  mesh,  in  putting  it  on  boards,  especially  on  ordinary 
rough  sawed  boards,  if  they  are  first  made  wet. 

Mr.  S.  L.  Goodale  :f  I  was  wondering  about  the  steel 
in  the  shaft  construction.  Is  that  more  or  less  subject  to  acid 
in  the  mine  water,  and  would  that  not  get  through  the  concrete, 
and  are  any  precautions  taken  to  prevent  possible  corrosion  ? 

I  was  very  much  interested  in  the  slow-burning  construction 
that  was  proposed  some  time  ago,  but  one  of  the  important 
matters  in  that  connection  is  that  the  heavy  timbers  should  be 
not  only  heavy  but  also  planed,  and  that  would  bring  in  an  item 
of  expense  hardly  warranted  in  mine  work. 

Mr.  Robert  Linton  :  The  steel  framework  in  the  shaft 
was  used  primarily  to  support  the  ground  while  the  concreting 
was  being  done.  The  structure  derives  its  strength  chiefly  from 
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the  reinforced  concrete.  In  the  nature  of  the  case  it  would  he 
impossible  .to  make  observations  of  the  reinforced  bars  for  the 
purpose  of  watching  corrosion,  but  with  the  concrete  once  set  and 
backfilled,  the  rock  pressure  would  he  distributed  over  the  entire 
monolith  in  such  a  way  that  the  concrete  would  probably  be 
sufficient  to  resist  any  pressure  against  it  even  if  there  should 
be  corrosion  of  some  of  the  bars.  1  regard  it,  however,  extremely 
unlikely  that  any  corrosion  would  take  place  since  the  shaft  is 
some  distance  from  the  ore  veins,  and  even  if  water  should  seep 
into  the  concrete,  I  think  it  is  not  of  a  character  to  have  any  in¬ 
jurious  effect  on  the  bars. 

It  would  not  add  very  greatly  to  the  expense  if  the  timbers 
were  planed  but,  even  if  this  were  done,  I  do  not  believe  it  would 
retard  a  shaft  fire  after  it  had  once  attained  any  headway.  By 
far  the  best  plan  is  to  coat  the  timbering  with  gunite  and  when 
this  is  done  the  shaft  can  1>e  considered  entirely  fireproof. 

Mr.  Fred.  Crabtree:*  Mr.  Linton's  paper  has  touched  upon 
several  matters  of  considerable  interest  to  me  personally.  Hav¬ 
ing  heard  and  seen  numerous  references,  all  more  or  less  general 
and  indefinite,  to  the  use  of  gunite,  1  was  glad  to  hear-  of  Mr. 
Linton’s  experience  with  it.  His  description  of  the  use  of  con¬ 
crete  in  shaft  and  mine  construction  was  also  very  instructive 
to  any  one  who  has  followed  the  efforts  to  insure  the  greatest 
possible  safety  for  miners,  and  who  remembers  the  loss  of  life 
due  to  fires  in  timbered  mines. 

Equally  interesting  was  his  account  of  the  standardization 
of  methods  of  drilling,  the  use  of  instruction  cards,  and  of  the 
protractor  and  framed  wire  screens  for  studying  or  illustrating 
the  spacing  and  alignment  of  drill  holes.  Similar  screens  have 
been  used  in  the  mining  laboratory  of  the  Carnegie  Institute  of 
Technology,  but  without  the  protractor  for  accurately  deter¬ 
mining  the  angles  of  the  drill.  The  methods  described  by  Mr. 
Linton  illustrate  the  phases  of  the  most  advanced  type  of  mine 
management  and  similar  methods  could  be  used  to  considerable 
advantage  in  this  district.  It  may  not  be  out  of  place  to  sav 
that  the  Mining  Department  of  the  Carnegie  Institute  of  Technol- 

•Professor  of  Mining  and  Metallurgy,  Carnegie  Institute  of  Technol¬ 
ogy,  Pittsburgh. 


104  PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA.  [Apr. 

ogy  will  have  next  year  a  research  fellowship  for  investigating 
in  conjunction  with  the  United  States  Bureau  of  Mines,  the 
methods  of  blasting  coal  and  the  problems  involved  in  determin¬ 
ing  for  each  mine  the  best  conditions  for  getting  the  most  satis¬ 
factory  results  in  shooting  the  coal.  There  is  much  to  be  learned 
along  these  lines,  in  coal  mining  as  well  as  in  metal  mining. 

Mr.  W.  A.  Weldin  :*  It  occurred  to  me  that  it  might  be 
interesting  to  say  something  about  the  trouble  engineers  have 
been  having  in  this  district  with  aggregates  for  concrete.  It 
used  to  be  sufficient  to  specify  “clean  sharp  Allegheny  River  sand.*' 
Now  conditions  in  the  river  have  changed,  or  we  have  learned 
more,  and  that  is  no  longer  sufficient.  In  our  office  we  have 
made  up  our  minds  that  for  all  concrete  work  we  must  subject 
the  sand  to  a  color  test  and  the  gravel  to  close  scrutiny.  I  sus¬ 
pect  we  have  not  yet  arrived  at  the  proper  aggregate  specifica¬ 
tion.  Concrete  failures  by  disintegration  and  inherent  weakness 
are  far  too  common  the  country  over  and  it  behooves  the  en¬ 
gineer,  whether  using  concrete  on  the  surface  or  underground, 
to  be  cautious. 

The  shafts  described  by  Mr.  Linton  are  all  rectangular.  The 
coal  mining  men  around  here  like  to  see  curves  in  the  outline  of 
the  shaft  section,  but  the  size  of  the  shafts  may  have  something 
to  do  with  it.  What  is  the  greatest  width  of  those  shafts? 

Mr.  Robert  Linton  :  The  dimensions  of  the  Granite  Moun¬ 
tain  shaft  are  shown  in  Fig.  4.  The  dimensions  of  four- 
compartment  shafts  used  in  most  metal  mines  will  not  vary  a 
very  great  deal  from  this.  The  Alpha  shaft  of  the  Consolidated 
Coppermines  Company,  at  Kimberley,  Nevada,  is  12  feet  by 
19  feet,  four  inches,  outside  diameter.  This  has  five  compart¬ 
ments  and,  being  sunk  through  the  limestone  where  there  is  little 
weight,  has  been  very  easy  to  maintain. 

Mr.  W.  A.  Weldin  :  That  is  a  longer  span  than  many 
coal  shafts.  I  imagine  you  must  have  weep  holes  to  take  the 
water  pressure  off  the  lining;  or  do  you  make  it  tight? 

I  have  also  been  interested  lately  in  the  question  of  surface 
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support.  Where  the  land  above  the  mine  is  valuable  what  can 
we  do  if  there  is  a  movement  of  the  strata."  Possibly  the  filling 
of  rooms  by  the  flushing  method  would  provide  the  most  economic 
method  of  support.  I  wonder  whether  anything  would  be  gained 
by  mixing  cement  with  this  filling  and  making  a  lean  concrete  of  it. 

Mr.  Robert  Linton  :  Weep  holes  were  not  used  in  the 
construction.  However,  at  several  points  where  bearers  were 
run  out  from  the  walls  of  the  shaft  to  the  solid  rock,  water  pipes 
were  run  through  the  concrete  and  the  water  carried  down  to  the 
station  below  or  to  some  point  where  the  water  could  be  properly 
discharged.  This  was  done  by  way  of  precaution  as  probably  all 
of  the  water  percolating  through  the  formation  would  flow  down 
and  enter  the  shaft  in  that  portion  which  lies  below  the  concreting. 
Had  the  shaft  been  concreted  solid  from  top  to  bottom,  it  would 
have  been  advisable  to  leave  a  few  weep  holes  to  facilitate  the 
escape  of  the  water. 

Where  the  stopes  are  carefully  filled,  as  at  the  Butte  mines, 
there  is  usually  not  much  trouble  with  subsidence.  This  subject 
is  now  being  given  special  study  by  a  committee  on  ground  sub¬ 
sidence  of  the  American  Institute  of  Mining  and  Metallurgical 
Engineers.  Mr.  H.  G.  Moulton  is  chairman  of  that  committee 
and  the  final  report  will  probably  afford  some  very  definite  in¬ 
formation.  Introducing  mill  tailings  or  other  fine  material  by 
flushing  provides  a  very  compact  filling  for  the  stopes.  I  do  not 
know  whether  or  not  there  would  be  any  material  advantage  in 
mixing  cement  with  such  filling. 

Mr.  F.  A.  McDonald:*  In  connection  with  my  work  I  have 
lined  several  mining  shafts  and  slopes  with  concrete;  in  fact,  l 
was  engaged  in  sinking  two  concrete-lined  shafts  and  a  slope 
near  Brownsville  at  about  the  same  time  the  Tug  River  shaft 
was  being  sunk.  One  of  these  Brownsville  shafts  (the  work  on 
each  was  being  performed  by  the  Dravo  Contracting  Company) 
was  in  quicksand  and  had  to  be  sunk  on  a  shoe.  Without 
knowledge  of  this  fact,  the  shaft  was  started  in  the  usual  manner 
but  after  it  had  reached  a  depth  of  25  or  50  feet,  the  contractors 

♦General  Superintendent  and  Chief  Engineer.  National  Mining  Com¬ 
pany,  Morgan,  Pa. 
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were  unable  to  brace  the  sides,  owing  to  the  great  pressure  on 
the  hillsides  which  crushed  the  timbering  and  sheathing.  It  was 
necessary  to  fill  the  hole  completely  and  build  a  shoe  upon  which 
the  concrete  lining  was  built  in  forms,  and  then  let  the  whole 
lining  settle  by  undermining  the  shoe.  This  method  was  used 
until  solid  rock  was  reached  when  the  remainder  of  the  shaft  was 
completed  in  the  ordinary  manner. 

In  the  earlier  days  we  had  considerable  trouble  with  the 
scaling  off  of  the  concrete,  especially  with  curtain  walls  which  were 
thin,  and  in  many  cases  both  curtain  walls  and  shaft  lining  re¬ 
quired  considerable  repair.  1  believe  that  this  trouble  was 
largely  due  to  the  lean  mixtures  and  the  character  of  the  materials 
used.  At  that  time  a  1-3-6  mixture  was  considered  satisfactory 
but  at  the  present  time  a  1-2-4  mixture  is  considered  none  too 
good  and  great  care  should  be  exercised  in  determining  the 
quality  of  materials  used. 

Concrete  makes  a  very  satisfactory  lining  for  shafts  and  I 
believe  that  any  mine  having  a  life  of  from  15  to  20  years  would 
be  justified  in  its  use. 

Referring  to  the  use  of  the  cement  gun,  reports  of  the  re¬ 
sults  obtained  from  its  use  have  been  so  contradictory  that  I  do 
not  believe  any  set  rule  for  its  use  can  be  accepted.  Thus 
far,  I  have  not  had  any  practical  experience  in  the  use  of  the 
cement  gun  for  inside  mine  use  but  I  believe  that  at  any  large 
mtine  an  equipment  of  this  kind  will  justify  itself  for  general 
use  both  inside  and  outside,  the  extent  of  its  use  inside  being 
determined  by  local  conditions. 

I  he  method  of  shooting  of  coal  and  rock  is  important  and 
is  receiving  considerable  attention  and  study,  as  the  different 
kinds  of  coal  and  strata  found  in  the  Pittsburgh  district  require 
different  powders  and  different  placings  of  poles  to  secure  the 
best  results  both  as  to  safety  and  as  to  quality  of  coal  produced. 
Generally  speaking,  the  old-fashioned  black  blasting  powder  pro¬ 
duces  the  best  grade  of  coal  but  since  the  introduction  of  per¬ 
missible  explosives  it  has  been  necessary  to  do  considerable  ex¬ 
perimenting  in  order  to  secure  a  grade  of  the  permissible 
powder  which  will  secure  results  approximating  those  secured 
by  the  use  of  black  powder. 


1!*\!  » ]  DISCUSSION — CEMENT  AND  CONCRETE  IN  UNDERGROUND  WORKINGS  in? 

Mr.  Edward  Steidle  :*  Mr.  McDonald’s  remarks  brought 
to  my  mind  several  examples  of  concrete  work  in  shafts,  which 
may  be  worthy  of  mention.  Concrete  curtains  in  at  least  two 
concrete-lined  shafts  in  the  Pittsburgh  district  have  failed  and 
peeled  off.  The  concrete  was  poured  in  the  usual  manner  and 
was  supported  on  six  inch  I-beams,  placed  on  five-foot  centers. 
Reinforcement  was  affected  by  one-half  inch  round  iron  rods 
on  six-inch  centers  between  the  horizontal  members.  The  mix¬ 
ture  in  one  case  was  1-2-4.  Those  in  charge  of  the  management 
believe  the  failure  of  the  concrete  is  due  to  the  difference  in 
temperature  in  the  air  and  hoisting  compartments,  improper 
sand  may  have  been  used.  In  any  event,  in  one  case  they  are 
tearing  out  the  concrete  and  building  a  brick  curtain. 

Mr.  Weldin  mentioned  the  matter  of  concrete  supports  for 
underground  workings.  They  are  breast  stoping  the  “sheet 
ground”  deposits  of  the  Joplin  district,  Missouri.  The  cover 
ranges  in  thickness  from  100  to  300  feet  and  pillars  of  ore  are 
left  as  a  support  for  the  roof.  One  company  attempted  several 
years  ago  to  support  the  roof  temporarily  with  concrete  bulkheads 
while  the  ore  originally  left  in  pillars  was  mined.  The  concrete 
bulkheads  were  about  15  feet  in  diameter  and  were  poured  from 
the  surface  through  bore  holes.  1  understand  that  this  applica¬ 
tion  of  concrete  was  unsuccessful  due  to  excessive  cost  and 
failure  to  get  proper  contact  between  the  bulkhead  and  the  roof. 
This  also  brings  to  my  mind  a  mine  up  the  Monongahela  River 
in  which  an  explosion  occurred  in  11)  1(>.  The  company  had  at¬ 
tempted  to  support  the  roof  in  one  of  the  main  entries  by  the  use  of 
concrete  posts  one  foot  square.  The  posts  were  poured  between 
props  which  were  subsequently  removed.  The  force  of  the  ex¬ 
plosion  knocked  down  every  concrete  post  but  did  not  disrupt 
the  few  props  which  had  been  left  in  place.  No  doubt  the  con¬ 
crete  had  shrunk  while  setting  and  the  posts  were  not  carrying 
weight. 

It  is  probable  that  under  average  conditions  concrete  supports 
would  be  too  costly.  I  nder  any  circumstances  timber  would 
have  to  be  used  in  conjunction  with  the  concrete  supports  or  a 
special  method  of  grouting  employed  to  effect  proper  contact  with 
the  roof. 

‘Associate  Professor,  Co-Operative  Department  of  Mining  Kngineer- 
ing-.  University  of  Pittsburgh.  Pittsburgh. 
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By  C.  W.  E.  Clarke* 

LOCATION 

The  existence  of  a  market  for  the  sale  of  electric  energy 
in  a  given  locality  fixes  in  general  the  location  for  a  power  de¬ 
velopment.  The  present-day  economy  and  reliability  of  high- 
tension  electric  transmission  permit  considerable  latitude  in  the 
selection  of  the  exact  site.  Not  many  years  ago  it  was  imperative 
to  place  a  power-station  at  or  near  the  center  of  distribution  so  as 
to  avoid  as  far  as  possible  the  excessive  losses  and  varying  volt¬ 
ages  resulting  from  low-voltage  transmission  for  any  considerable 
distance.  These  factors  led  in  the  early  days  of  the  industry  to  the 
construction  of  many  small  non-condensing  plants  scattered  over 
extensive  distribution  areas.  As  transmission  voltages  increased, 
these  scattered  stations  were  gradually  converted  to  sub-stations 
and  were  supplied  from  larger  and  more  efficient  generating 
stations.  To-day  the  location  of  generating  stations  with  reference 
to  the  distribution  areas  is  of  minor  importance,  though  it  is  of 
course  desirable  that  the  length  of  transmission  lines  be  kept  down 
to  a  minimum.  Atmospheric  disturbances  and  the  increased 
liability  to  physical  accidents  resulting  from  long  transmission 
systems  make  it  desirable  to  place  the  generating  station  as  close 
as  possible  to  the  distribution  area. 

The  controlling  factor  in  the  selection  of  a  power-station  .dte 
is  the  existence  of  an  adequate  supply  of  water  for  condensing 
purposes  at  all  times.  The  determination  of  such  a  site  involves 
a  careful  study  of  the  hydrographic  records,  and  a  consideration 
of  the  possibility  of  water  storage  and  recirculation.  The  prox¬ 
imity  of  railroads  or  other  lines  of  fuel  supply  are  matters  to  be 
considered,  but  these  factors  cannot  be  looked  upon  as  controlling 
the  location  of  a  site  since  railway  connection  can  be  built  at  a 
comparatively  low  cost.  It  is  plain  then  that  the  one  factor  govern¬ 
ing  the  selection  of  a  power  site  is  a  supply  of  condensing-water. 


♦Power  Engineer,  Dwight  P.  Robinson  &  Co..  New  York. 
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Much  has  been  said  in  recent  years,  regarding  the  great  ad¬ 
vantage  of  the  so  called  “mine-mouth”  power-plant.  The  only 
advantage  in  so  locating  a  plant  is  a  saving  in  the  cost  of  fuel 
handling,  and  there  are  in  most  cases  disadvantages  which  almost, 
if  not  entirely,  offset  this  saving.  There  are  very  few  locations 
where  condensing  water  is  available  in  any  large  quantity  at  the 
mines,  and  the  water  available  at  such  locations  is  frequently 
badly  contaminated.  These  facts  limit  the  available  “mine- 
111011111“  locations  to  a  very  few.  Again,  the  construction  and  main¬ 
tenance  costs  of  long  systems  for  the  transmission  of  large  quan¬ 
tities  of  power  may  frequently  offset  the  gain  in  fuel  cost.  Such 
systems  must  be  elaborately  protected  against  the  elements  and, 
at  best,  are  subject  to  frequent  interruption  during  the  summer 
months,  unless  expensive  duplicate  lines  are  installed. 

The  general  proposition  of  placing  steam  power-plants  at 
every  available  location  in  the  coal  district,  and  running  an  ex¬ 
tensive  network  of  transmission  lines  to  the  various  load  centers, 
is  not  of  necessity  a  good  one  and  investigation  will  show  that 
in  most  cases  proximity  to  the  distribution  area  should  be  con¬ 
sidered  before  proximity  to  the  mines. 

The  Colfax  power-station  of  the  Duquesne  Light  Company 
may  be  looked  upon  as  one  of  the  relatively  few  plants  located 
at  the  mine  which  is  entirely  successful  from  the  viewpoint  of 
choice  of  location.  Several  factors  combined  to  make  this  plant 
the  success  that  it  is.  The  distribution  area  of  the  Duquesne 
ring  is  so  situated  as  to  make  its  position  of  distinct  advantage 
in  balancing  the  feeding  of  an  already  existing  distribution 
system.  The  water-supply  in  the  Allegheny  River  is  not  con¬ 
taminated  to  such  an  extent  as  to  render  it  unsuitable  for  use 
in  surface  condensers  and  is  sufficient  for  a  development  of 
300,000  kilowatts.  This  is  as  much  load  as  could  advantageously 
be  generated  at  that  point. 

As  a  general  rule,  the  larger  power  markets  are  located  near 
rivers,  or  other  large  sources  of  water-supply,  as  manufacturing 
industries  and  large  cities  are  usually  so  located.  However, 
there  are  enough  exceptions  to  this  rule  to  make  proper  water- 
supply  a  serious  problem  in  many  cases. 
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GENERAL  FEATURES  OF  DESIGN 

The  general  form  and  lay-out  of  a  power-station  building 
will  to  some  extent  be  affected  by  the  ground  conditions  and  water- 
levels.  The  condensers  must  he  located  at  a  level  which  will 
permit  pumping  water  against  as  little  static  head  as  possible,  also 
so  as  to  allow  of  siphonic  action  in  the  discharge.  In  cases  where 
the  water-level  varies  only  slightly,  the  turbine-room  basement 
floor  may  he  placed  at  or  even  below  the  normal  water  level.  If 
there  are  great  fluctuations  in  water-level,  special  arrangement 
must  he  made  to  meet  the  difficulty. 

The  cross-section  of  the  Colfax  plant  is  an  example  of  adapt¬ 
ing  general  design  to  local  hydraulic  and  terrain  conditions.  The 
general  water-level  in  the  Allegheny  River  is  about  1*21  feet  above 
sea -'level,  with  occasional  increases  to  as  high  as  748. 5.  The  tur¬ 
bine-room  basement  floor  had  to  be  placed  low  enough  so  that 
the  suction  head  on  the  circulating  pumps  would  not  exceed  a 
practical  maximum,  the  circulating  pumps  being  located  at  an 
elevation  of  732.5.  This  floor  was  placed  at  725,  slightly  above 
the  mean  low- water  line,  but  29  feet  below  grade.  The  floor 
of  the  boiler-room  basement  was  placed  at  grade  to  facilitate 
ash-car  handling,  and  for  general  symmetry.  In  the  case  of  the 
Seward  station,  but  little  excavation  was  required  to  place  the 
condensing-water  pumps  at  a  proper  level,  hence  the  turbine- 
room  basement  floor  is  but  eight  feet  below  grade.  Placing  the 
boiler-room  basement  at  grade  for  the  same  reasons  as  held  at 
Colfax  brought  the  boiler-room  floor  level  with  the  turbine-room 
operating  floor.  The  turbine  room  should,  of  course,  be  placed 
next  to  the  water  to  minimize  the  cost  of  constructing  intake  and 
discharge  tunnels  for  condensing  water.  The  hoiler  room  should 
be  located  adjacent  to  the  turbine  room  to  simplify  steam  piping 
as  far  as  possible. 

It  has  been  quite  general  practice  in  the  past  to  place  the 
switching  apparatus  on  the  opposite  side  of  the  turbine  room 
from  the  boiler  room  and  to  have  an  operating  room  from  which 
the  engine  or  turbine  room  may  be  seen.  This  is  largely  a  relic 
of  the  days  when  switching  apparatus  consisted  of  a  switch- 
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board,  and  communication  between  engine  and  switchboard  opera¬ 
tors  was  by  word  of  mouth  and  manual  signals.  To-day  there 
is  little  if  any  need  that  the  switchboard  operator  be  able  to  see 
into  the  turbine  room.  The  electrical  apparatus  and  control  room 
may  then  be  located  where  convenience  in  other  respects  dictates. 


BOILER  ROOM 

The  best  arrangement  for  a  boiler  room  is  probably  secured 
by  placing  the  boilers  in  two  rows  facing  a  common  firing  aisle. 
Weighing  larries  can  lie  run  along  this  firing  aisle  and  because 
all  larries  run  on  the  same  pair  of  rails  the  number  can  be  kept 
at  a  minimum.  Bunker  construction  as  well  as  the  coal 
handling  and  distribution  system  may  be  made  very 
simple.  Any  arrangement  of  cross  aisles  simply  increases  the 
floor  space  required  and  the  complication  of  coal  handling  and 
storage  systems ;  also,  the  steam  piping  may  be  simpler  with  the 
parallel  double  row  arrangement  than  with  any  other.  The  space 
between  adjacent  boilers  should  be  large  enough  to  permit  proper 
operation.  At  Colfax  the  boiler  columns  are  placed  12  feet  apart. 
The  single  firing  aisle  makes  supervision  simpler,  as  all  boilers 
can  be  seen  from  a  single  point. 

The  type  of  stoker  selected  must  depend  upon  the  character¬ 
istics  of  the  available  fuel.  For  the  coal  generally  found  in  this 
part  of  the  country  the  underfeed  stoker  is  best.  Low-volatile, 
non-coking  coals  require  overfeed  or  chain-grate  stokers. 

The  use  of  double  stokers — that  is,  two  stokers  placed  face 
to  face — is  seldom  of  advantage.  In  cases  where  the  boiler 
heating  surface  per  square  foot  of  floor  area  is  very  great  this 
stoker  arrangement  may  be  justified,  though  it  is  probable  that  a 
careful  consideration  of  all  the  conditions  will  show  that  the 
single  stoker  is  better.  The  double  stoker,  when  used  with  a  paral¬ 
lel  double  row  of  boilers,  necessitates  three  firing  aisles  with  the 
consequent  additional  supervision,  bunker  and  coal  handling  equip¬ 
ment.  This  type  is  justified  when  it  is  expected  to  operate 
boilers  at  very  high  ratings.  Such  operation  should  be  considered 
only  on  systems  having  a  very  low  load  factor  and  a  short  high 
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peak.  In  the  case  of  a  boiler  plant  supplying  steam  for  heating, 
in  which  there  will  he  short  periods  of  very  high  demand  due  to 
extremely  cold  weather,  the  double  stoker  is  the  proper  thing. 
Periods  when  the  temperature  falls  far  below  the  normal  for 
which  a  plant  would  he  designed  are  usually  of  comparatively 
short  duration  and  it  is  good  practice  to  handle  such  peaks  In- 
driving  boilers  to  a  high  rating  rather  than  by  installing  extra 
capacity  to  carry  them  on  medium  ratings. 

The  use  of  pulverized  fuel  has  only  just  passed  the  experi¬ 
mental  stage.  There  are  several  apparently  successful  installa¬ 
tions  and  there  is  little  doubt  that  this  system  will  be  used  in 
many  of  the  plants  built  in  the  future,  especially  where  only 
low-grade  fuels  are  available.  It  has  many  advantages  over  other 
methods  of  burning  coal.  Combustion  can  lie  made  virtually 
complete,  as  a  much  more  perfect  control  can  be  accomplished 
than  is  practically  possible  with  any  type  of  stoker.  There  is 
very  little  ash  to  be  disposed  of,  as  most  of  the  solid  products 
of  combustion  are  carried  up  the  stack.  This  feature  is  decidedly 
objectionable  in  any  thickly  settled  district  and  should  he  given 
careful  consideration  in  the  light  of  existing  and  probable  future 
local  regulations  regarding  smoke,  etc. 

Despite  the  foregoing  advantages  in  efficiency  and  operating 
simplicity  the  additional  cost  of  the  system  may  make  it  inadvis¬ 
able.  The  pulverizing  and  handling  equipment  is  expensive  and 
such  a  system  should  be  chosen  only  after  careful  consideration 
of  the  ultimate  efficiency  from  a  financial  viewpoint.  Engineers 
too  often  fail  to  give  sufficient  consideration  to  the  final  operating 
cost  which  must  include  all  fixed  charges  and  maintenance.  It 
will  frequently  he  found  that  a  slightly  less  efficient  system  will 
offer  a  saving  in  cost  which  will  more  than  offset  the  gain  in 
thermal  effieiencv. 

Oil  is  the  ideal  fuel  for  use  under  boilers,  but,  with  the 
present  relative  costs  of  coal  and  oil,  it  cannot  economical! v  bo 
used  for  power-station  work  except  in  certain  localities.  Such 
localities  are  not  sufficiently  numerous  to  make  the  use  of  oil  fuel 
in  power-stations  of  frequent  occurrence.  In  designing  fuel-oil 
boiler  furnaces  serveral  features  require  special  attention.  The 
combustion  space  must  be  large  and  so  shaped  that  the  flame  from 
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the  burner  will  not  impinge  directly  outlie  brickwork.  In  general, 
furnace  temperatures  are  higher  with  oil  than  with  coal  so  that 
particular  care  must  he  used  in  selecting  the  fire-brick. 

There  are  two  general  systems  for  oil  burning.  In  one,  the 
oil  is  carried  to  the  burner  at  low  pressure,  from  one  to  four 
or  live  pounds  per  square  inch,  and  blown  into  the  furnace  by 
a  steam  or  air  jet.  In  the  other,  the  oil  is  under  high  pressure 
and  is  sprayed  into  the  furnace  by  virtue  of  its  own  pressure.  The 
low-pressure  system  is  always  preferable  for  power-station  work. 
The  oil-feed  piping  to  the  burners  should  be  arranged  for  con¬ 
tinuous  circulation  to  avoid  stoppage  of  the  pipes.  A  heater 
must  be  installed  to  preheat  the  oil,  as  in  cold  weather  all  hut 
the  lightest  oils  will  have  a  very  high  viscosity.  Special  regula¬ 
tions  relating  to  the  handling  and  use  of  fuel  oils  exist  in  practi¬ 
cally  all  localities  and  will  govern,  to  a  certain  extent,  the  detail 
of  any  given  installation. 

Each  boiler  should  be  provided  with  a  complete  set  of  instru¬ 
ments  located  upon  an  instrument  board  close  to  the  boiler  and 
where  the  stoker  controls  are  mounted.  In  some  cases  it  may 
he  desirable  to  place  all  load  indicators  (steam-flow  meters  or 
feed  meters)  on  a  single  centrally  located  board  so  that  the  boiler- 
room  foreman  can  keep  better  track  of  boiler-room  operating  condi¬ 
tions.  This  applies  particularly  to  plants  having  relatively  small 
boiler  units.  Some  form  of  C02  recorder  should  be  installed,  though 
up  to  date  none  of  them  is  as  satisfactory  as  could  be  desired. 
There  are  many  boiler  control  systems  on  the  market  but  they 
should  be  purchased  only  after  a  careful  consideration  of  their 
real  merits.  Automatic  damper  and  furnace  control  is  desirable 
but  should  he  chosen  with  extreme  care  as  many  of  the  systems 
obtainable  do  not  accomplish  what  is  claimed  for  them. 

Motor  drive  is  usually  best  for  the  stokers  though  it  neces¬ 
sitates  the  provision  of  direct  current  for  proper  speed  control. 

The  particular  arrangement  of  the  coal-handling  system  will 
depend  upon  local  conditions.  Usually  the  coal  must  be  raised 
from  at  or  near  ground  level  and  a  skip  or  bucket  hoist  is  well 
adapted  to  this  work.  Crushing  apparatus  may  be  located  at  the 
upper  or  lower  end  of  the  hoist  hut  usually  it  is  better  to  place 
it  at  the  bottom  to  avoid  as  much  as  possible  the  production  of  dust 
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within  the  station  building.  For  horizontal  conveying  there  is 
nothing  Fetter  than  a  belt  conveyor,  and  it  may  also  be  used  for 
elevating  under  certain  conditions,  provided  the  inclination  is  not 
greater  than  20  degrees. 


ASH  HANDLING 

The  method  of  ash  disposal  must  be  designed  to  suit  local 
conditions.  Ash  hoppers,  if  used,  should  be  large  enough  to  hold 
the  ash  from  at  least  12  hours’  operation.  Various  systems  for 
depositing  the  ash  directly  in  water  have  been  used,  but  such 
a  system  involves  construction  and  operating  expense  not  usually 
warranted  by  the  advantages.  Ordinarily,  large  hoppers  under 
which  standard  railway  cars  may  be  run  constitute  the  best  ar¬ 
rangement  for  ash  disposal.  Hoppers  should  be  equipped  with 
large  sliding  gates  operated  preferably  by  steam  or  air.  The  use 
of  small  gates  results  in  arching  of  the  ash  which  necessitates  the 
use  of  a  slice-bar  to  dislodge  it. 

The  space  in  the  boiler-room  basement  beneath  the  firing 
aisle  may  be  used  for  machine-shops,  storage  rooms,  toilet  and 
wash  rooms,  etc. 

With  the  advent  of  large  boiler  installations  the  supply  of 
air  for  the  furnaces  becomes  a  problem  requiring  careful  con¬ 
sideration.  It  is  a  good  practice  to  conduct  the  air  discharge 
from  the  main  generators  to  a  duct  from  which  the  draft  fans 
take  their  supply.  This,  however,  will  furnish,  at  best,  less  than 
half  the  necessary  air.  In  the  past  it  has  been  common  practice 
to  draw  air  directly  from  inside  the  building.  With  large  boiler 
units  the  quantity  of  air  so  required  becomes  so  great  as  to 
make  it  extremely  difficult  to  keep  the  building  warm  in  cold 
weather.  In  the  large  so-called  super-power  stations  it  becomes 
necessary  to  provide  means  for  taking  furnace  air  directly  from 
outside  the  station,  at  least  in  very  cold  weather.  This  may  seem 
ait  first  sight  to  be  a  step  in  the  wrong  direction — bringing  cold 
air  to  the  furnaces,  when  we  find  air  preheaters  being  installed 
in  some  stations — but,  unless  heat  which  would  otherwise  be 
wasted  can  be  used  for  preheating  this  air,  it  is  more  economical 
to  heat  it  directly  in  the  furnaces  where  the  efficiency  of  the 
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heating  process  approaches  100  per  cent.,  than  to  heat  it  with 
steam  produced  at  the  expense  of  boiler  and  furnace  losses, 
or  to  heat  it  with  flue-gases  and  use  power  to  make  up  for  the 
lost  draft  capacity  in  these  gases. 

ECONOMIZERS 

The  installation  of  economizers  with  fuel  costs  at  their 
present  level  is  of  doubtful  advantage. 

When  increased  building,  economizer,  induced-draft  fan, 
piping,  maintenance,  and  operating  costs  are  considered  it  will 


Fig.  1.  Comparison  of  Boiler  and  Boiler-Economizer  Unit. 


usually  be  found  that  an  increase  in  the  height  of  the  boiler  will 
result  in  a  greater  operating  efficiency,  considered  financially,  than 
if  economizers  are  used.  The  curve  in  Fig.  1  shows  a  comparison 
between  the  efficiencies  of  a  15-high  boiler  with  64  per  cent,  econ¬ 
omizer  and  a  20-high  boiler  with  no  economizer.  Every  case 
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should  be  considered  in  the  light  of  its  own  peculiar  conditions 
but  this  curve  is  illustrative  of  the  general  trend. 

Flues  and  uptakes  may  he  built  of  steel  plate  and  should 
he  large  enough  to  keep  the  gas  velocity  below  some  forty  feet 
per  second.  Provision  should  he  made  for  the  holding  and  dis¬ 
posal  of  soot  accumulations  in  the  flues.  With  some  grades  of 
coal  this  accumulation  is  considerable  and  may  cause  great  in¬ 
convenience  if  means  for  its  ready  removal  are  not  provided.  A 
steam- jet,  vacuum-conveying  system  discharging  the  soot  into 
the  boiler  ash-pits  is  a  satisfactory  method  of  disposal.  The  flues, 
if  very  large,  are  best  located  on  the  roof  outside  the  building, 
as  the  expense  of  increasing  the  building  height  to  cover  them 
is  not  warranted.  They  should  he  covered  with  insulating  material 
and  a  protective  coating,  preferably  of  sheet-metal,  placed  over  the 
insulation  to  protect  it  from  the  weather.  Arrangements  should 
be  made,  of  course,  to  take  care  of  the  expansion  of  the  flue 
system,  hut  the  expansion  joints  provided  should  he  as  nearly  gas 
tight  as  they  can  he  made,  as  should  all  seams  and  joints  in  the 
flue  system.  Care  should  he  taken  to.  support  the  flue  so  as  to 
avoid  any  buckling  tendency.  Though  such  a  tendency  might 
not  become  superficially  evident  nor  cause  any  physical  damage 
it  would  most  certainly  cause  leaks  and  decrease  the  draft. 

Stacks  should  he  designed  for  gas  velocities  not  greatly  in 
excess  of  35  feet  per  second.  A  steel  stack  should  he  insulated 
with  a  brick  lining  for  its  entire  length.  Self-supporting  steel 
chimneys  are  preferable  for  power-house  work  as  they  can  he 
placed  on  the  power-house  structure. 

BOILERS 

The  particular  type  and  size  of  boiler  for  any  particular  case 
must  be  chosen  after  consideration  of  the  conditions  peculiar  to 
the  job  in  hand.  As  a  general  proposition  a  boiler  having  straight 
tubes,  easily  renewable,  is  preferable  to  types  having  bent  tubes. 
For  high-pressure  work  (250-350  pounds)  wrought  steel  is  prob¬ 
ably  the  only  safe  material  for  headers.  The  advantages  of  super¬ 
heated  steam  are  so  well  known  as  to  need  no  comment. 

Boiler  settings  at  Colfax  were  built  entirely  of  firebrick 
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and  for  large  units  this  procedure  seems  fully  justified.  Steel 
casing  should  be  used  with  insulation  between  the  casing  and 
the  setting.  This  prevents  air  leaks  and  tends  to  keep  the  set¬ 
tings  at  a  more  uniform  temperature  as  well  as  to  minimize  radia¬ 
tion  losses.  Special  arrangement  should  always  be  made  to  pre¬ 
vent  the  adhesion  of  clinker  to  the  setting.  Practically  the  only 
way  to  do  this  is  by  ventilated  blocks  of  some  sort  in  the  fur¬ 
nace  walls  at  the  points  where  the  clinker  forms.  Too  much  care 
cannot  be  exercised  in  placing  this  tile,  since  if  it  is  not  properly 
set  more  harm  than  good  will  come  from  it.  It  must  be  bonded 
back  into  the  furnace  wall  so  that  the  blocks  cannot  fall  out 
into  the  furnace.  The  use  of  steam  jets  in  the  furnace,  though 
an  effectual  way  of  preventing  clinker  adhesions,  requires  a  very 
considerable  quantity  of  steam  and  is  therefore  not  economical. 

Clinker  grinders  should  be  used  in  large  boiler  installations. 
They  should  be  so  designed  as  to  be  capable  of  continuous  opera¬ 
tion,  thus  removing  the  ash  as  fast  as  it  is  formed,  maintaining 
a  constant  bed  of  cooling  ash  somewhat  above  the  crusher  plates. 
The  types  of  clinker  grinders  obtainable  to-day  leave  much  to  be 
desired,  but  the  increasing  number  of  installations  will  doubt¬ 
less  lead  to  the  development  of  good  equipment. 

For  forced  draft  supply,  a  few  large  fans  feeding  into  a 
general  duct  system  are  for  several  reasons  better  than  one  or 
two  small  fans  for  each  boiler.  They  occupy  less  space,  require 
less  manipulation  and  use  less  power.  Draft  to  individual  fur¬ 
naces  may  be  controlled  by  dampers,  thus  permitting  the  fans 
to  be  run  at  practically  constant  speed  for  a  given  load. 

There  is  little  choice  among  different  makes  of  large  turbines 
for  power-station  work.  There  are  only  three  manufacturers  in 
this  country  who  build  large  turbines,  and  they  are  all  much 
the  same  in  economy.  There  is  quite  a  difference  in  the  space 
required  for  the  different  types  but  all  of  them  occupy  a  floor 
space  (excluding  the  generator)  less  than  that  required  by  con¬ 
densers  and  auxiliaries.  There  is  some  difference  in  length  which 
may  or  may  not  be  a  controlling  factor  in  a  given  case.  The 
size  of  the  units  will  of  course  depend  upon  the  load  character¬ 
istics  of  the  system  to  be  'supplied.  If  there  is  a  heavy  base 
load  the  largest  units  should  be  installed  to  handle  it.  In  design- 
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in g  a  new  station  the  most  thorough  study  should  be  made  of  past 
load  conditions,  and  future  conditions  should  be  anticipated  as 
far  as  possible  so  that  provision  for  a  proper  expansion  will  be 
made  in  the  original  design. 

Surface  condensers  are  usually  to  be  preferred  to  jet  con¬ 
densers  because  the  pure  condensate  is  available  for  boiler-feed 
purposes  making  elaborate  systems  for  water  treatment  unneces¬ 
sary.  If  there  is  a  supply  of  good  boiler  feed-water  available 
(and  this  is  rarely  the  case)  a  jet  condenser  is  about  as  economi¬ 
cal  financially  as  a  surface  condenser.  The  surface  condenser  is 
more  expensive  in  first  cost,  and  in  maintenance  cost  requires 
more  attendance  and  much  more  power  for  operation.  The 
quantity  of  heat  saved  in  the  condenser  is  very  small  and  may 
quite  easily  be  saved  in  a  jet  condenser  by  installing  a  small  pre¬ 
condenser  in  the  exhaust  openings  from  the  turbine  and  circula¬ 
ting  the  cold  boiler  feed-water  through  it. 

There  is  never  a  case  where  it  is  safe  to  take  condensing 
water  directly  in  without  some  sort  of  screen  to  remove  leaves 
and  other  matter.  For  this  purpose  a  traveling  screen  is  the  only 
suitable  apparatus.  These  screens  should  be  mounted  in  wells 
provided  with  gates  or  stop  logs,  so  that  the  water  may  1>e  shut 
of?  and  the  well  pumped  dry  in  case  of  necessity.  Screens  are 
usually  so  constructed  as  to  permit  their  being  lifted  out  entirely 
for  repairs  of  a  major  character. 

The  water  velocity  through  the  free  opening  of  screens  should 
not  exceed  two  feet  per  second,  unless  such  a  velocity  requires 
extraordinarily  large  screens.  There  should  always  be  a  house 
over  the  screen,  well  provided  with  means  for  heating  it  in  cold 
weather. 

The  tunnels  within  the  station  should  be  of  ample  size. 
Velocity  in  the  intake  tunnel  should  not  exceed  three,  and  in  the 
discharge  five,  feet  per  second.  Many  of  the  older  power- 
stations  in  which  large  reciprocating  units  were  operating  were 
able  to  install  turbines  and  increase  their  capacity  three  or  four 
hundred  per  cent,  because  the  condensing-water  tunnels  were  made 
large  in  the  original  design.  Plain  rectangular  tunnels  are  al¬ 
ways  the  best.  Special  elliptical  or  arched  tunnels  are  of  no  ad¬ 
vantage,  and  always  cost  more. 
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Arrangments  should  be  made  so  that  part  of  the  condensing 
water  can  he  recirculated  from  the  discharge  to  the  intake,  as 
this  will,  to  a  great  extent,  prevent  trouble  from  ice  in  cold  weather. 

The  only  method  left  for  improving  the  overall  efficiency  of 
a  power-station  is  through  the  system  of  heat  conservation  which 
goes  under  the  general  title  of  the  “heat  balance  system.”  Boiler 
design  has  reached  a  point  beyond  which  little  can  be  expected. 
Turbine  generating  equipment  gives  us  efficiencies  about  as  high 
as  we  can  look  for.  We  are,  then,  faced  with  the  proposition  of 
making  the  system  of  heat  utilization  in  the  station  as  efficient  as 
possible.  At  best,  there  is  only  a  little  over  30  per  cent,  of  the 
energy  put  into  the  steam  by  the  boiler  which  is  available  for 
conversion  into  power.  The  problem  is  how  to  approach  as 
close  as  possible  to  converting  all  this  energy  into  power.  This 
can  be  accomplished  only  by  retaining  in  the  station  heat  cycle  as 
much  as  possible  of  the  latent  heat  of  the  steam  which  ordinarily 
is  transferred  to  the  condensing  water.  A  heat  balance  system 
has  this  object  in  view. 

It  has  been  the  general  view  in  the  past  that  the  efficiency  of 
steam-driven  auxiliaries  is  of  no  importance  because  all  the  heat 
rejected  by  these  machines  is  recovered  by  using  the  exhaust  to 
heat  the  feed-water.  Any  heat  which  is  available  for  conversion 
into  energy  should  not  be  used  for  feed  heating  unless  other 
factors,  such  as  reliability,  demand  it.  It  will  be  seen  from  the 
foregoing  that  steam-driven  auxiliaries  should  be  kept  down  to 
the  minimum  demanded  by  the  requirements  of  absolute  relia¬ 
bility.  In  case  the  auxiliaries  installed  do  not  furnish  sufficient 
exhaust  steam  for  feed  heating,  steam  may  be  bled  from  the  main 
unit  to  make  up  any  deficiency.  This  will  not  usually  be  found 
necessary. 

There  are  four  general  methods  of  heat  balance : 

1.  Mixed  steam  and  electric  drive  for  auxiliaries. 

2.  House  turbine,  alternating  current  or  direct  current  and 
electric  drive  for  all  but  enough  of  the  auxiliaries  to 
keep  the  station  running  in  case  of  accident  to 
the  house  turbine  and  main  generator. 
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3.  Steam  drive  tor  part  of  the  auxiliaries  and  bleeder  con¬ 
nection  to  main  unit  to  make  up  deficiency  in  steam  for 
feed  heating. 

4.  All  auxiliaries  driven  electrically  from  main  bus,  and 
steam  for  feed  heating  bled  from  main  turbine. 

The  first  system  mentioned  is  entirely  satisfactory  for  the 
smaller  stations,  as  a  fairly  close  proportioning  is  possible,  and 
any  system  of  the  type  described  under  2,  3,  or  4  would  usually 
be  too  elaborate  and  expensive  to  warrant  its  installation. 

The  writer  believes  the  second  system  to  be  the  best  for  large 
stations.  It  is  the  type  used  at  Colfax  and  its  ease  of  operation  and 
capacity  for  close  regulation  in  actual  service  have  fully  justified 
its  installation. 

The  third  system  is  in  use  in  some  installations  but  the  writer 
does  not  consider  it  as  good  as  the  second  method,  from  the  view- 
point  of  reliability.  Any  accident  which  cuts  off  the  energy  supply 
to  the  main  bus  leaves  only  a  small  part  of  the  auxiliaries  avail¬ 
able  for  use,  while  with  the  second  scheme,  unless  the  house 
turbine  has  shared  in  the  shut-down,  all  auxilaries  are  available. 
Any  accident  so  severe  as  to  put  both  main  bus  and  house  tur¬ 
bine  out  of  service  would  probably  render  the  whole  station  in¬ 
operative. 

The  last  method  is  the  most  efficient  but  is  open  to  the  ob¬ 
jection  that  in  case  of  a  shut-down  of  the  main  generating  equip¬ 
ment  there  is  no  way  to  keep  the  auxiliaries  running.  It  is  neces¬ 
sary  then  to  provide  some  source  of  auxiliary  power  that  is  in¬ 
dependent  of  the  main  generating  system  and  main  bus  system. 

Reciprocating  engines  for  auxiliary  drive  are  not  advisable 
in  any  case.  They  are  wasteful  of  steam  and  require  a  great 
deal  of  oil  and  attendance.  For  electric  drive,  squirrel-cage  in¬ 
duction  motors  should  be  used  wherever  possible.  Of  course 
slip-ring  motors  must  lie  used  when  the  apparatus  is  to  be  started 
under  load. 

A  good  many  engineers  advocate  the  use  of  direct-connected 
exciters  but  in  my  opinion  there  are  a  number  of  factors  in 
favor  of  a  separate  exciter  system.  An  exciter  bus  is  necessary 
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in  any  case  on  account  of  the  possibility  of  a  burn-out  or  other 
accident  to  the  exciter.  It  would  he  poor  practice  to  permit,  say, 
a  20,000-kilowatt  unit  to  lie  dependent  upon  the  integrity  of  a 
single  200-kilowatt  exciter  when  such  a  practice  is  not  necessary. 
A  direct-connected  exciter  is  subject  to  all  sorts  of  minor  difficul¬ 
ties,  such  as  broken  brushes,  dirty  commutator,  loose  brush  con¬ 
nections  and  many  other  troubles  not  in  themselves  serious  bin 
sufficient  to  render  the  machine  useless  as  an  exciter  for  ap¬ 
preciable  periods.  I  have  known  of  cases  where  the  exciter 
brackets  were  broken  off  by  vibration  of  the  turbine  unit.  A 
separate  exciter  system  with  duplex  steam  and  electric  drive  for 
the  generators  costs  more  money  but  may  easily  repay  its  extra 
cost  by  avoidance  of  minor  shut-downs  in  a  year.  The  duplex 
drive  is  also  useful  in  heat  balancing  as  the  load  may  be  carried 
on  either  the  motor  or  turbine  end  as  required  by  the  exhaust 
steam  demand. 

INSTRUMENTS 

The  matter  of  providing  proper  instruments  is  usually  given 
too  little  attention.  Much  money  is  spent,  and  instruments  are 
installed  at  many  places  where  they  are  not  necessary  and  left- 
out  where  they  are  of  great  importance.  The  designing  engineer 
should  plan  quite  completely  how  the  water  and  thermal  balance 
is  to  be  worked  out  in  the  station  and  from  this  plan  provide 
instruments  to  give  the  necessary  data  for  a  complete  balance. 
The  importance  of  such  an  operating  balance  cannot  be  overesti¬ 
mated.  If  heat  units  and  water  were  always  looked  upon  by  ex¬ 
ecutives  as  dollars  and  cents,  books  would  be  kept  as  carefully  as 
a  concern’s  financial  books.  Usually,  however,  if  a  station  delivers 
or  appears  to  deliver  a  satisfactory  amount  of  output  for  a  given 
quantity  of  fuel,  little  attempt  of  an  organized  nature  is  made 
to  check  this  up  or  to  find  means  for  improvement.  A  regularly 
kept  thermal  balance  is  the  only  means  by  which  an  operator  can 
understand  what  his  plant  and  its  component  parts  are  doing, 
and  a  thermal  balance  can  be  arrived  at  only  with  the  aid  of  a 
sufficient  number  of  instruments  properly  placed. 
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PIPING 


The  lay-out  of  the  piping  system  in  a  power-plant  is  a  very 
important  element  of  design  and  one  that  is  usually  given  in¬ 
sufficient  attention.  At  best  there  must  be  a  tremendous  amount 
of  it  but  it  should  be  made  as  simple  as  a  careful  study  through¬ 
out  the  entire  design  will  permit.  At  the  very  outset  the  design¬ 
ing  engineer  should  have  a  fairly  clear  conception  of  what  the 
piping  scheme  is  to  be  down  to  the  minor  elements  of  gland- 
water  and  drip  piping.  These  latter  systems  are  too  often 
left  to  be  cleaned  up  last  and  consequently  are  thrown  in  largely 
by  the  piping  gang  in  the  field. 

The  controlling  element  in  the  piping  scheme  must  of  course 
be  the  main  high-pressure  steam  system.  This  must  be  kept 
simple  and  straightforward,  partly  to  avoid  friction  losses,  but 
more  particularly  to  enable  the  operating  men  to  grasp  the  entire 
system  readily  so  that  in  case  of  trouble  they  will  have  no  hesi¬ 
tancy  as  to  what  to  do.  Elaborate  cross-connection  and  by-pass 
systems  may  seem  very  fine  on  paper.  To  be  able  to  use  any 
boiler  or  set  of  boilers  to  feed  any  section  of  the  plant,  other 
things  being  equal,  is  advantageous ;  but  when  such  an  arrange¬ 
ment  requires  complicated  valve  and  piping  systems,  they  may 
do  more  harm  than  good  in  operation.  Every  foot  of  pipe  and 
every  fitting  beyond  what  is  actually  necessary  is  only  another 
hazard  where  failure  may  occur.  It  should  be  remembered  that 
plants  are  built  to  operate — not  as  an  exhibit.  All  valves  should 
be  easily  accessible  and  not  placed  under  or  behind  apparatus, 
which  in  case  of  trouble  might  make  it  impossible  to  reach  them. 

The  main  valves  for  controlling  the  high-pressure  system 
should  be  motor  operated  with  a  control  station  near  the  valve 
and  another  at  some  protected  location  outside  the  boiler  room. 
This  second  station  would  be  a  lock  station  for  use  only  in  case 
of  emergency.  Lock  stations  provided  with  glass  windows,  to 
be  broken  in  emergencies,  can  be  secured  for  motor-valve  operat¬ 
ing  systems. 

Provision  for  expansion  should  be  given  special  attention. 
For  this  purpose  large  double  S  or  U  bends  should  be  used  and 
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they  should  be  as  large  as  practicable.  The  minimum  radii  as 
given  in  the  tables  for  expansion  bends  should  always  be  ex¬ 
ceeded.  Expansion  systems  which  put  torsional  stresses  on  the 
piping  should  never  be  used  with  high  pressures  and  temperatures. 

In  modern  work,  pipe  sizes  for  high-pressure  work  are 
usually  determined  on  a  basis  of  steam  velocity  rather  than  upon 
pressure  drop.  Computations  of  the  pressure  drop  in  a  piping 
system  full  of  bends  and  fittings  are  not  even  approximate.  In 
high-pressure  work,  velocities  should  be  kept  below  10,000  feet 
per  minute  while  with  low  pressure  they  may  run  up  to  fourteen 
or  fifteen  thousand. 

Pockets  where  water  can  collect  should  be  avoided  and  all 
low  points  provided  with  drip  collections.  The  drip  system  should 
be  given  careful  attention.  A  general  header  should  parallel  the 
steam  header  and  be  carried  to  an  accessible  point  where  the 
traps  or  other  means  for  disposing  of  drip  may  be  located.  Traps 
should  not  be  stuck  away  in  corners  but  placed  where  they  will 
get  regular  and  frequent  inspection  as  they  are,  at  best,  sources 
of  considerable  trouble.  There  does  not  seem  to  be  on  the  market 
to-day  a  trap  suitable  for  high-pressure,  high-temperature  work. 
Check-valves  should  be  provided  on  all  drip  connections,  as  well  as 
globe-valves.  It  seems  needless  to  say  that  all  drips  should  be 
returned  to  the  boiler  feed  system  at  some  convenient  point. 

The  remarks  as  to  simplicity  and  accessibility  of  the  high- 
pressure  system  apply  as  well  as  to  the  exhaust  piping. 

The  water  system,  though  not  requiring  the  care  in  design 
demanded  by  the  steam  piping,  should  be  carefully  thought  out 
and  kept  as  simple  as  possible. 

In  general,  valves  on  all  piping  systems  should  be  easily 
reached  or,  when  this  is  impossible,  provided  with  chains  for  their 
operation.  All  large  valves  used  for  regulation  should  be  motor 
operated  while  those  which  are  used  either  fully  open  or  fully 
closed  may  be  operated  with  hydraulic  cylinders. 


PIPING  SYSTEM  MATERIALS 

In  Table  I  (folding  plate)  is  given  a  summary  of  the  piping 
materials  best  adapted  for  use  in  power-station  work. 


TABLE  1.  PIPING  AND  PITTING  SCHEDULE  FOR  MECHANICAL  EQUIPMENT* 
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ELECTRICAL  FEATURES 

Voltage.  For  large  power-plant  work,  the  usual  voltage  tor 
the  generators  is  either  6600  or  11,000,  there  being  a  tendency 
toward  the  higher  voltage  in  modern  work.  This,  and  the  out¬ 
going  transmission  voltage,  will,  in  the  majority  of  cases,  be 
governed  by  existing  conditions  and  local  policy.  Sixty  cycles 
is  almost  universal  in  this  country,  except  for  railway  work  where 
25  cycles  is  the  generally  adopted  frequency.  There  are  a  few 
installations  of  40  cycles  and  50  cycles ;  50  cycles  is,  however, 

I  quite  general  in  Europe.  From  all  points  of  view,  50  cycles 
would  probably  be  the  best  frequency  to  use  for  general  work, 
as  the  synchronous  speed  variation  possible  with  it  is  greater  than 
with  25  cycles,  and  the  inductance  and  reactance  are  propor¬ 
tionately  less  than  with  60  cycles.  However,  the  use  of  60  cycles 
in  this  country  has  become  so  general  that  it  is  practically  out  of 
the  question  to  consider  any  departure  from  it  except  for  railway 
work  as  mentioned  above.  The  frequency  used  in  any  particular 
locality  will,  of  course,  be  governed  by  local  policy  in  the  same 
way  as  voltage. 

For  power  work  in  the  station,  440  volts  is  the  best  from 
all  points  of  view.  In  some  installations  there  will  be  a  few 
large  motors  of  100  horse-power  or  more,  for  which  a  2300-volt 
bus  should  be  provided.  Whether  or  not  such  a  bus  will 
be  necessary  is,  of  course,  dependent  upon  the  number  of  large 
motors  involved  in  the  station  design.  For  general  lighting,  a 
110-220  volt,  three-wire  system  should  he  used  and  motors  of 
one  horse-power  or  less  can  he  connected  across  the  220-volt  wires. 
Particular  attention  should  be  given  to  protection  of  the  station 
bus  against  outside  disturbances.  As  mentioned  in  connection 
with  the  heat  balance  system,  the  provision  of  a  house  generating 
unit  paralleled  either  directly  or  through  a  motor-generator  set 
on  the  main  bus,  and  provided  with  protective  devices  so  that 
system  disturbances  cannot  he  communicated  to  the  house  gener¬ 
ator,  is  believed  to  be  the  best  arrangement  for  the  supply  of 
power  for  use  within  the  station.  Nothing  should  be  placed  on 
the  exciter  bus  aside  from  the  exciting  connections.  In  some 
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stations  the  emergency  lighting  system  is  fed  from  the  exciter 
bus,  but  even  this  is  believed  to  be  bad  practice. 

The  lighting  of  a  power-station  should  be  carefully  worked 
out.  For  general  illumination  in  the  turbine  room,  four  to  five 
foot-candles  will  give  a  suitable  illumination.  For  the  switch¬ 
board  room  considerably  more  than  this  is  usually  necessary  but 
attention  should  be  given  more  particularly  to  the  distribution 
of  the  lighting  in  the  switchboard  room  than  to  the  intensity  of  it. 
Direct  illumination  on  the  instruments  and  operating  panels  so 
arranged  as  to  be  free  of  reflections  from  the  instrument  faces 
is  what  is  necessary  and  a  great  deal  of  light  in  other  parts  of 
the  room  is  not  of  any  particular  use. 

In  the  boiler  room  and  at  other  points  where  machinery  is 
located,  no  quantity  can  be  given  for  the  illumination  per  square 
foot.  This  is  a  matter  of  local  lighting  entirely  and  is  best 
accomplished  by  laying  out  the  lighting  units  on  the  job  after  the 
station  is  sufficiently  completed  so  that  the  necessity  for  light¬ 
ing  in  particular  places  can  be  seen.  In  arranging  the  illumina¬ 
tion  of  a  power-station,  the  painting  and  reflecting  characteristics 
of  the  surrounding  objects  should  always  be  considered.  Good 
lighting  should  always  be  localized  at  points  where  the  work  of 
operation  is  conducted. 

Bus  System.  The  bus  arrangement  adopted  must  be  governed 
largely  by  the  type  of  feeder  system  the  station  is  to  supply.  If 
there  are  a  great  many  outgoing  feeders  at  station  voltage  (and 
by  this  is  meant  generator  voltage)  a  system  of  separate  phases  is 
often  desirable.  This  system  consists  in  dividing  the  switch  house 
into  three  longitudinal  sections  and  placing  the  “A”  phase  in  one, 
the  “B”  in  another  and  the  “C”  in  the  third  section.  If  the 
station  is  designed  to  feed  an  outdoor  switching  station,  such 
an  arrangement  might  not  have  any  particular  advantages  and  an 
ordinary  bus  structure  carrying  the  three  phases  in  a  group  is, 
in  general,  perfectly  satisfactory  and  probably  less  expensive. 

In  stations  where  there  are  a  great  many  oil  switches  and 
in  which  there  is  likely  to  be  a  good  deal  of  work  being  done  on 
switch  mechanisms,  it  is  often  advisable  to  place  these  mechanisms 
on  a  separate  floor  above  the  switch  floor.  Whether  or  not  this 
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shall  be  done  must  be  governed  by  structural  and  other  conditions 
of  the  particular  work  in  hand. 

Control.  The  control  board  which  carries  the  means  for 
operating  the  switching  apparatus  should  be  a  benchboard,  as  this 
type  of  board  is  much  easier  to  manipulate,  and  is  from  all  points 
of  view  superior  to  the  old  type  of  vertical  switchboard.  The 
feeder  controls  may  be  on  bench  or  vertical  boards  depending 
upon  the  amount  of  manipulation  that  is  likely  to  be  necessary. 
Instrument  boards  may  be  placed  directly  behind  the  benchboard 
and  it  is  well  to  allow  a  space  between  the  benchboard  and  the 
instrument  board,  so  that  instruments  may  be  worked  upon  without 
having  to  lean  over  the  benchboard,  thus  perhaps  opening  or 
closing  switches  accidentally. 

Transformers  may  be  placed  inside  or  outside  the  station, 
depending  on  available  space  and  other  local  conditions.  There 
are  no  rules  to  sene  as  the  basis  for  a  choice.  For  very  high  volt¬ 
age  an  outdoor  switching  station  is  usually  the  best.  It  is  less  ex¬ 
pensive  to  construct  and  safer  from  an  operating  standpoint,  but 
in  all  these  matters  the  local  conditions  and  policy  will  govern, 
as  there  are  no  general  principles  or  rules  which  can  be  laid 
down  to  govern  the  choice. 


DISCUSSION 


i 

Mr.  F.  M.  Van  Deventer:*  Mr.  Clarke  has  given  in  his 
paper  in  an  interesting  manner  a  general  consideration  of  the 
economic  problems  incidental  to  the  design  of  central  power 
stations.  It  is  to  be  regretted,  however,  that  he  has  not  given  in 
more  detail  the  methods  of  arrival  at  his  conclusions,  as  other 
designers  would  benefit  by  such  sample  analyses  in  the  solution 
of  their  problems  but  cannot  do  so  from  abstract  conclusions 
without  knowing  the  controlling  conditions. 

This  discussion  is  intended  to  serve  two  purposes : 

1.  To  open  a  consideration  of  several  of  the  technical  points 
involved  in  the  selection  of  equipment. 

2.  To  present  detailed  analyses  of  three  problems  touched 
upon  by  Mr.  Clarke,  one  of  which  leads  to  a  conclusion  quite 
different  from  that  which  he  quotes. 

Natural-Draft  Stack  vs.  Induced-Draft  Fan.  While  Mr. 
Clarke  does  not  openly  express  himself  as  preferring  natural 
draft,  the  fact  that  he  gives  data  on  stack  design  and  mentions 
fans  only  as  a  necessary  evil  involved  in  economizer  installations, 
leads  to  the  assumption  that  he  does  not  recommend  induced- 
draft  fans  for  boiler  installations  without  economizers. 

For  the  purpose  of  comparison,  an  example  is  taken  of  four 
2088-horse-power  boilers  without  economizers,  connected  by  suit- 
aide  outdoor  breeching  to  a  central  stack  supported  on  the  build¬ 
ing  steel  and  foundations.  The  cost  of  such  an  installation  is 
about  as  follows : 

Cost  of  steel  stack  with  nine-inch  brick  lining,  including 


double  wall,  insulated  outdoor  breeching  and  cost  of 

erection,  .  $60,000 

Extra  cost  of  building  steel  and  foundation,  breeching  in¬ 
side  of  building,  etc .  30,000 


Total  installation  cost .  $90,000 


♦Engineer.  National  Tube  Co.,  Pittsburgh. 
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The  fixed  annual  charges  at  15  per  cent,  would  he  $13,500. 
The  characteristics  of  a  stack  21  feet  in  diameter  hy  325  feet 
high  with  gas  temperature  ranging  from  450  degrees  at  100  per 
cent,  boiler  rating  to  550  degrees  at  300  per  cent,  boiler  rating, 
are  indicated  in  Fig.  2.  This  stack  serves  four  2088-horse-power 
boilers  with  20-foot  tubes,  each  boiler  being  51  tubes  wide  and 
18  tubes  high.  The  theoretical  draft  is  indicated  by  curve  A 
which  depends  upon  the  temperature  of  the  gases  and  ranges 
from  1.75  inches  at  100  per  cent,  rating  to  2.1  inches  at  300  per 
cent,  rating.  The  net  draft  available  at  the  stack  opening  is  less 


Fig.  2.  Characteristics  of  Stack. 

than  the  theoretical  draft  by  an  amount  as  indicated  for  friction 
in  the  stack.  Curve  B  then  represents  the  net  draft  available  at 
the  stack  opening.  The  l>oiler  draft  loss  is  taken  as  two  inches 
at  300  per  cent,  rating  and  the  flue  draft  loss  as  J4  inch  at  the 
same  rating.  This  gives  one  point  from  which  the  parabola  is 
constructed,  representing  the  required  draft  at  the  stack  opening 
for  any  rating  (curve  O.  The  difference  between  available 
draft  and  required  draft  at  low  ratings — that  is,  the  difference 
between  curves  B  and  C — is  taken  up  hy  the  dampers.  The 
maximum  capacity  which  can  he  carried  by  the  stack  under  the 
conditions  assumed  is  determined  by  the  point  of  intersection  of 
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curves  B  and  C ;  where  the  dampers  are  wide  open  and  all  the 
available  draft  is  used.  This  is  seen  to  be  at  280  per  cent,  of  the 
boiler  rating.  Of  course,  if  the  uptake  temperature  were  higher 
than  550  degrees,  the  available  draft  and  the  capacity  of  the  stack 
would  be  slightly  increased. 

If  induced-draft  fans  were  used,  each  boiler  would  have  an 
individual  fan.  The  size  selected  for  comparison  has  a  maximum 
capacity  of  240,000  cubic  feet  per  minute  at  five  inches  static 
pressure  and  575  degrees  F.,  and  the  cost  per  unit,  for  fan  and 
drive,  is  $10,000.  The  cost  of  erection  is  $1500,  and  cost  of 
duct  and  stub  stack,  $3000.  The  total  cost  per  unit  is  $14,500, 
and  the  total  cost  for  four  units,  $58,000.  The  annual  fixed 
charges  at  15  per  cent,  equal  $8700.  The  cost  of  fuel  for  drive 
(at  normal  boiler  rating)  is  $4500,  and  the  cost  of  attendance 
$1800.  Then  the  total  annual  charge  is  $15,000,  which  is  seen 
to  be  about  $2000  more  than  the  Annual  charge  against  the  stack. 
There  is  the  advantage,  however,  that  the  fan  has  sufficient 
capacity  to  operate  the  boiler  at  400  per  cent,  of  rating.  If  the 
normal  operating  rate  is  250  per  cent,  of  rating,  we  have  available 
60  per  cent,  additional  capacity  for  peak-loads  with  the  same 
number  of  boilers  in  operation.  With  the  stack  used  in  this 
comparison,  only  20  per  cent,  excess  capacity  is  available  for 
peak-loads,  unless  the  forced  draft  is  increased  to  such  a  point 
that  the  forced-draft  fan  would  assume  a  part  of  fhe  draft  loss  in 
the  boiler.  The  resulting  positive  pressure  in  the  furnace  would 
be  so  destructive  to  the  setting,  doors,  etc.,  that  such  operation 
could  not  be  continued.  Thus  the  natural-draft  stack  does  not 
fit  conditions  where  high  peak-loads  must  be  picked  up  on  short 
notice  since,  if  stacks  are  used,  extra  boilers  must  be  carried  along 
at  low  ratings,  ready  to  take  the  peak-loads.  In  the  case  of  in¬ 
stallations  where  the  load  may  be  carried  fairly  constant,  or 
where  the  capacity  of  the  boiler  is  limited  by  the  stoker  capacity, 
the  latter  objection  fails;  but  in  such  cases  induced-draft  fans 
could  be  installed  with  a  maximum  capacity  which  need  not  be 
greater  than  the  capacity  of  the  proposed  stack.  Such  a  fan  in¬ 
stallation,  including  the  items  enumerated  above,  would  involve 
annual  fixed  charges  of  only  $10,860,  which  is  nearly  $4000 
less  than  those  for  the  stack.  It  would  be  interesting  to  know 
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how  Mr.  Clarke  justifies  the  use  of  natural-draft  stacks  on  such 
installations. 

In  connection  with  the  graphic  analysis  of  stack  capacity 
as  here  presented,  it  is  well  to  point  out  the  fallacy  of 
the  so-called  “horse-power  formulae”  as  given  in  many  mechanical 
hand-books.  Most  of  these  formulae  give  the  horse-power  in 

terms  of  diameter  and  height  of  stack  without  regard  to  the  gas 
temperature.  With  such  a  formula  it  would  seem  possible  to 

obtain  almost  any  horse-power  from  a  short  stack  simply  by 
making  the  diameter  large  enough.  Now,  it  is  quite  obvious  that 
a  short  stack  will  not  pull  gases  at  high  ratings  through  a  boiler 
and  economizer,  which  have  high  draft  loss,  because  the  theoreti¬ 
cal  draft  available  with  cool  gases  would  be  low ;  hence  the  use 
of  such  formulae  is  inadvisable,  and  the  graphic  analysis  is 
recommended  for  such  problems. 

Economizers.  Mr.  Clarke  states  that  the  installation  of 
an  economizer  with  fuel  costs  at  their  present  level  is  of  doubtful 
advantage,  since  when  costs  of  increased  building,  economizer, 
induced-draft  fans,  piping,  maintenance,  and  operation  are  con¬ 
sidered,  it  will  usually  be  found  that  an  increase  in  the  height  of 
the  boiler  will  result  in  a  greater  operating  efficiency,  considered 
financially,  than  if  economizers  are  used.  His  curves  showing 
the  comparative  efficiencies  of  a  15-high  boiler  and  64  per  cent, 
economizer,  versus  a  20-high  boiler  without  economizer,  do  not 
seem  consistent.  He  shows,  at  capacities  from  2250  to  5250 
boiler  horse-power,  a  higher  efficiency  for  the  boiler  alone  than 
for  the  combined  unit.  Since  the  combined  unit  has  23  per  cent, 
more  surface  than  the  high  boiler  alone  and'  since  the  thermal 
head  affecting  heat  transmission  is  greater  in  the  combined  unit, 
it  does  not  seem  possible  that  the  efficiency  of  the  high  boiler 
could  be  higher  than  that  of  the  combined  unit. 

Fig.  3  shows  a  comparison  between  a  20-high  boiler  with 
no  economizer  and  a  15-high  boiler  with  60  per  cent,  economizer. 
Curve  A  shows  the  temperature  of  the  gases  leaving  the  high 
boiler.  Note  that  although  the  gases  are  cooled  to  within  50 
degrees  of  the  steam  temperature  at  the  low  rate  of  evaporation 
(100,000  pounds  from  and  at  212  degrees)  it  is  impossible  to 
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cool  them  below  steam  temperature,  no  matter  how  much  heating 
surface  is  added.  Curve  B  shows  the  relatively  high  temperature 
of  the  gases  leaving  the  shallow  boiler,  and  curve  C  shows  the 
temperature  of  the  same  gases  after  traversing  the  economizer. 
On  account  of  the  fact  that  the  temperature  of  the  water  in  the 
economizer  tubes  is  below  that  of  the  steam  and  water  in  the 


Fig.  3.  Comparison  of  Boiler  and  Boiler-Economizer  Unit. 

boiler  tubes,  a  given  amount  of  heating  surface  in  economizer 
tubes  is  more  effective  in  transferring  heat  than  the  same  amount 
of  boiler-tube  surface,  due  to  the  greater  temperature  difference. 
It  is  also  possible  to  extract  heat  from  the  gases  below  steam 
temperature,  so  the  loss  due  to  sensible  heat  carried  away  in  the 
^ases  is  much  less  than  in  the  case  of  hotter  escaping  gases,  and 
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the  heat  thus  saved  from  the  stack  goes  into  steam,  thereby  in¬ 
creasing  the  efficiency.  Curves  D  and  E  show  the  efficiencies 
corresponding  to  the  two  types  of  units.  Note  that  when  de¬ 
veloping  5000  horse-power  the  efficiency  of  the  high  boiler  is  '  5 
per  cent,  and  of  the  combined  unit  80.5  per  cent. 

The  superiority  of  the  economizer  unit  is  not  proved  by 
citing  higher  thermal  efficiency  alone.  In  many  problems  the 
first  cost  and  operating  charges  against  equipment  designed  to 
increase  thermal  efficiency,  are  so  high  that  the  saving  costs  more 
than  it  is  worth,  and  the  result  is  a  lower  “economic  efficiency.” 

Table  II  is  an  economic  comparison  of  the  two  types  of  steam 
generating  units,  based  on  a  single  unit.  The  tabulation  is  self 
explanatory  and  shows  a  net  saving  of  $10,835  per  year  per 
boiler  unit. 

One  frequent  criticism  of  economizers  is  that  more  power  is 
required  for  the  induced-draft  fans  on  account  of  the  higher 
draft  loss,  which  eats  up  much  of  the  saving  effected  by  the 
economizer.  This  fact  is  not  so  important  as  it  sounds  at  the 
outset,  because  less  power  is  required  to  move  a  given  weight  of 
cool  gases  than  for  the  same  weight  of  hot  gases.  For  example, 
to  handle  gases  at  340  degrees  F.  (800  degrees  absolute  )  requires 
only  0.80  as  much  power  as  at  540  degrees  F.  (1000  degree." 
absolute),  so  if  the  economizer  increased  the  pressure  against 
which  the  induced-draft  fan  operates  by  only  25  per  cent. 


0.80 


— 1=0.25),  then  the  economizer  set-up  would  require  no 


more  power  than  the  boiler  alone. 


Since  the  results  of  this  comparison  of  high  boiler  vs.  shallow 
boiler  and  economizer  are  so  radically  different  from  Mr.  Clarke’s 
data,  it  is  hoped  that  he  will  give  a  complete  explanation  of  his 
efficiency  curves.  If  he  will  explain  by  heat  balance  what  be¬ 
comes  of  the  additional  heat  that  the  combined  unit  must  extract 
from  the  gases  on  account  of  more  total  surface  and  greater 
thermal  head,  the  logic  of  his  efficiency  curves  might  become 
clearer. 


Steam  Piping.  Mr.  Clarke  recommends  that  high-pressure 
steam  piping  be  designed  for  velocities  below  10.000  feet  per 
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minute,  and  states  that  the  pressure  drop  method  of  design  is  not 
satisfactory. 

The  method  recommended  by  the  writer  goes  one  step 
further  than  the  pressure  drop  method  and  carries  the  analysis 
through  to  a  financial  comparison.  This  method  has  been  used 
successfully  on  both  simple  and  complicated  piping  systems,  big. 


VELOCITY  (8) 


TOTAL  PRESS.  LOSS  (10) 

FRICTION  (5) 
VELOCITY  HEAD  (9) 


WATER  RATE  (15; 
FIXED  CHAR6ES 

plus  radiation (3* *♦; 

FIXED  CHARGES  (3) 


RADIATION  (4J 


TOTAL  AttMUAL 

cost  (17; 


COST  OF  STEAM 
AT  TURBINE.  (16; 


Fig.  4.  Analysis  of  Steam- Header  System. 


4  shows  in  graphic  form  the  method  of  analysis  of  a  steam- 
header  system  to  determine  the  financially  economical  size.  This 
analysis  considers  all  of  the  variables  which  affect  the  fixed  or 
operating  charges.  The  installation  used  for  this  analysis  is  an 
actual  one  which  was  recently  made,  and  embodies  a  10.000- 
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kilowatt  turbine  and  two  1500-horse-power  boilers.  The  steam 
header  consists  mostly  of  a  straight  run  of  pipe  having  only 
long  radius  Ibends,  so  that  it  was  a  simple  matter  to  calculate 
the  friction  loss,  and  the  velocity  is  uniform  throughout  the  length 
of  the  header.  It  was  not  necessary  to  consider  future  exten¬ 
sions,  as  the  plant  was  located  in  cramped  quarters  between  mill 
buildings  and  the  pressure  was  higher  than  that  of  the  mill  system, 
and  hence  the  two  systems  could  not  be  interconnected. 

The  designer  would  know  at  the  outset  that  the  economical 
size  would  probably  be  between  10  and  14  inches,  but  the  graphic 
analysis  will  be  applied  to  six  sizes,  from  the  ridiculously  small 
to  the  ridiculously  large  header,  in  order  to  bring  out  the  effects. 
Fig.  4  shows  the  conditions  for  8-,  10-,  12-,  and  14-inch  nominal, 
and  17-  and  18-inch  outside  diameter  all  extra  strong.  Curve  5 
shows  the  total  friction  loss  in  the  header  system.  Curve  9  repre¬ 
sents  the  velocity  head  of  the  steam  in  the  header.  Curve  10  is 
the  sum  of  curves  5  and  9,  plus  the  pressure  loss  from  the  satur¬ 
ated  steam  drum  to  the  header,  and  represents  the  total  pressure 
loss  from  the  saturated  steam  drum  to  the  turbine  throttle.  Curve 
15  shows  the  water  rate  of  the  turbine  corresponding  to  the  pres¬ 
sure  which  remains  after  the  total  pressure  loss  10  has  been  de¬ 
ducted  from  the  pressure  at  the  saturated  drum.  Since  the  water 
rate  of  the  turbine  decreases  with  larger  pipe,  the  annual  cost  of 
steam  to  run  the  turbine  will  also  decrease  with  larger  pipe  sizes. 
The  cost  of  steam  at  the  turbine  per  year  at  an  assumed  load 
factor  is  indicated  by  curve  16  and  is  practically  constant  for 
sizes  above  12  inch,  since  the  pressure  loss  becomes  negligible. 
However,  as  the  pipe  size  is  increased,  the  radiation  loss  and  cost 
of  pipe  and  covering  will  increase.  This  is  shown  by  curves  4 
and  3.  When  these  are  added  to  curve  16,  curve  17  is  obtained, 
which  represents  the  total  annual  charges  against  the  system,  and 
the  minimum  value  is  found  to  occur  with  12-inch  pipe. 

It  is  seen  from  this  study  that  for  the  case  at  hand  the  eco¬ 
nomical  pipe  size  corresponds  to  a  velocity  of  5000  feet  per  minute. 

The  steam-headers  in  most  modern  plants  are  of  complicated 
form,  containing  many  fittings,  interconnections,  etc.,  and  at 
the  outset  it  seems  that  a  financial  analysis  similar  to  the  preced- 
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ing  one  would  he  impossible.  The  writer  has,  however,  used 
this  method  of  analysis  on  a  complicated  steam-header  system, 
serving  three  turbines,  and  a  heavy  outside  steam  load  from  12 
boilers.  In  a  system  of  this  kind,  with  a  given  steam  distribution, 
the  velocity  of  flow  varies  at  almost  every  fitting  in  the  whole 
system.  In  designing  for  a  velocity  such  as  10,000  feet  per 
minute  the  question  arises,  as  to  whether  the  staled  velocity  refers 
to  the  maximum  or  to  the  average  velocity.  When  the  case  men¬ 
tioned  was  completely  analyzed  and  the  economical  header  size 
determined,  it  was  found  that  the  various  sections  of  pipe  in  the 
header  carried  velocities  from  almost  nothing  up  to  16,000  feet 
per  minute,  which  applied  to  one  short  run  of  pipe.  Now,  if  the 
size  of  the  whole  header  had  been  selected  so  that  the  velocity 
in  this  one  section  had  been  only  10,000  feet  per  minute,  the  rest 
of  the  header  would  have  been  excessively  large;  thus  in  most 
cases,  it  is  not  successful  to  design  for  velocity. 

If  a  system  is  to  be  designed  for  a  given  pressure  drop,  the 
question  occurs  as  to  what  is  the  economical  pressure  drop. 
Different  engineers  recommend  from  5  to  30  and  even  50  pounds 
pressure  drop;  the  latter  on  the  erroneous  assumption  that,  since 
when  a  pressure  drop  occurs  the  energy  remains  in  the  steam,  it 
is  still  available  to  run  a  turbine.  The  writer  believes  that  the 
method  just  presented — that  of  a  complete  financial  analysis — is-- 
more  successful  than  any  of  the  other  proposed  methods  and  that, 
even  though  the  pressure  losses  calculated  may  be  considerably  in 
error,  the  same  error  will  occur  in  the  calculation  for  all  the  pipe 
sizes  considered  and  its  effect  will  be  annuled  in  the  final  analysis. 

It  is  distinctly  pointed  out  that  the  conclusions  drawn  in  this 
discussion  are  not  offered  as  criteria  for  all  similar  problems,  but 
it  is  believed  that  the  methods  presented  will  lie  of  some  assistance 
to  others  in  the  analysis  of  the  peculiar  conditions  of  their 
problems. 

Mr.  Clarke  offers  three  criticisms  of  the  writer’s  induced- 
draft  fan  analysis,  fie  thinks  the  fan  mentioned  is  so  large  that 
its  use  would  be  impracticable  in  an  actual  installation  and  asks 
if  the  writer  has  ever  seen  a  fan  of  this  size.  The  answer  to 
this  question  is  that  the  fan  used  in  the  comparison  is  a  Green 
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Fuel  Economizer  Company  standard  No.  8,  RR,  radial-flow 
double-inlet  fan.  There  are  a  number  of  fans  of  this  class  in 
operation  at  steel-mills  in  this  district  and.  as  to  the  size  being 
excessive,  it  is  pointed  out  that  the  Green  Fuel  Economizer  Com¬ 
pany  makes  two  sizes  larger.  We  have  some  No.  8  fans  in  use 
in  one  of  our  coal-fired  installations  and  we  consider  them  very 
satisfactory.  Many  central-station  men  take  the  point  of  view 
which  Mr.  Clarke  expresses,  but  the  writer,  being  a  steel- works 
man,  is  accustomed  to  the  use  of  induced-draft  fans  handling 
large  volumes  of  waste-heat,  blast-furnace  and  similar  gases,  and 
does  not  hesitate  to  contemplate  the  use  of  induced-draft  fans 
for  central-station  work ;  in  fact,  we  use  them  on  some  coal- 
fired  boilers,  as  well  as  on  waste-heat  installations. 

Mr.  Clarke  states  that  the  higher  ratings  available  with  fans 
do  not  constitute  an  advantage  in  the  case  of  the  Colfax  plant, 
since  the  stokers  limit  the  capacity  at  which  the  boilers  can  be 
operated  to  275  per  cent,  of  rating,  and  that,  since  the  stack  has 
sufficient  capacity  to  serve  the  stokers  at  their  maximum  capacity, 
any  additional  induced-draft  equipment  would  be  of  no  avail. 
It  is  for  this  reason  exactly  that  the  second  comparison  was 
given  in  the  writer’s  discussion ;  namely,  a  comparison  between 
the  stack  “as  is"  and  a  fan  having  the  same  maximum  character- 
istics  as  the  stack.  This  comparison  shows  a  saving  of  $4000 
per  year  per  boiler  unit  in  favor  of  the  fan.  What  has  the  stoker 
to  do  with  this? 

Also,  where  double-stokered  settings  are  used,  the  coal¬ 
burning  capacity  is  not  limited  to  such  low  ratings  and,  in  the 
case  of  boilers  fired  by  blast-furnace  gas,  high  combustion  rates 
may  be  reached,  so  that  Mr.  Clarke's  contention  that  the  additional 
capacity  of  the  large  fan  over  that  of  the  stack  is  not  an  advantage, 
does  not  fit  all  cases.  It  was  the  writer’s  intention  to  give  a 
broad  treatment  of  the  subject  so  that  other  designers  can  apply 
the  method  of  analysis  to  their  peculiar  conditions  and  determine 
for  themselves  whether  stacks  or  fans  are  preferable. 

Mr.  Clarke's  criticism  that  the  writer's  figures  are  unreliable, 
as  some  items  (such  as  cost  of  stub-stack  which  is  used  with  fan) 
were  omitted,  is  unfounded.  The  costs  used  for  the  fan  installa¬ 
tion  are  based  upon  the  actual  costs  of  a  recently  constructed  plant. 


19C-2  I 


DISCUSSION — POWER  STATION  DESIGN 


130 

In  criticizing  the  writer's  discussion  on  economizers,  Mr. 
Clarke  did  not  make  any  attempt  to  explain  his  efficiency  curves, 
wherein  lies  the  whole  difference  of  opinion  between  us.  1 1  he 
would  explain  how  such  curves  are  possible,  the  argument  would 
probably  be  settled,  but  since  a  much  lower  up-take  temperature 
obtains,  the  dry  gas  loss,  loss  from  moisture  in  coal,  loss  from 
moisture  in  air,  and  loss  from  moisture  by  burning  hydrogen, 
must  be  smaller  in  the  economizer  installation.  There  is  no  reason 
why  the  CO  loss  or  carbon  in  the  ash  loss  should  he  greater  with 
the  economizer,  and  the  radiation  loss  should  not  be  any  higher 
in  the  case  where  a  lower  boiler  is  used  with  the  economizer,  if 
the  economizer  and  connecting  flue  are  properly  insulated.  W  here 
then  does  the  heat  show  up  in  the  heat  balance,  which  obtains 
from  the  further  cooling  of  the  gases,  unless  it  is  in  increased 
efficiency? 

Mr.  Clarke  criticizes  the  item  of  $*2000  which  is  added  for 
increased  building  cost  with  economizers,  and  says  that  if  it  were 
$20,000  the  item  would  look  more  reasonable.  Apparently  he 
has  overlooked  the  fact  that  the  tabulation  is  based  upon  one 
boiler  or  boiler  and  economizer  unit.  In  the  case  of  a  10-boiler 
plant  this  item  would  be  $20,000,  which  accords  with  his  criticism. 
It  should  be  pointed  out  that  the  type  of  economizer  contemplated 
in  this  comparison  is  neither  the  cast-iron  tube  type  nor  the  ordi¬ 
nary  boiler-section  steel-tube,  hut  is  of  the  type  of  construc¬ 
tion  extensively  used  for  superheater  tubes  consisting  of  a  two- 
inch  steel  tube  upon  which  are  forced  corrugated  cast-iron  rings. 
\\  ith  this  type  of  construction,  an  area  of  about  seven  square  feet 
of  gas  side  surface  is  obtained  per  square  foot  of  water  side 
surface,  and,  as  the  gas  side  surface  is  the  determining  factor  in 
heat  transfer,  this  type  of  construction  results  in  an  economizer 
of  low  first  cost,  low  maintenance,  and  a  great  saving  in  space 
required,  the  latter  being  another  reason  why  $2000  is  a  con¬ 
servative  figure  for  increased  building  cost. 

Air.  Clarke  criticizes  the  writer’s  method  of  analyzing  steam- 
header  design  problems  on  the  ground  that  too  much  time  is  re¬ 
quired  for  such  analysis  and  that  an  experienced  man  can  select 
sizes  more  satisfactorily  from  his  experience  than  by  calculation. 
He  points  out  that  in  the  case  of  Colfax  the  plant  was  to  be 
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completed  in  one  year  and  consequently  such  problems  could 
not  be  attacked  in  detail.  In  answer  to  the  latter  criticism  it  is 
pointed  out  that  the  plant  which  the  writer  mentioned  where  the 
analysis  of  a  complicated  steam-header  system  was  successfully 
made,  was  the  power-plant  for  the  proposed  United  States  gun 
plant  for  Neville  Island  and  that  this  power-plant  was  to  have 
been  completed  in  nine  months,  which  is  three  months  shorter 
than  the  time  allowed  for  Colfax,  yet  it  was  found  to  be  ad¬ 
vantageous  to  make  such  an  analysis.  In  the  example  illustrated 
by  Fig.  4  the  difference  in  annual  cost  between  say  a  10-inch  and 
a  12-inch  header  would  be  $500,  so  that  if  a  designer's  time  for 
one  week  is  required  for  making  such  an  analysis,  the  investment 
for  his  time  would  be  saved  in  a  few  months.  Further,  if  an 
uneconomical  pipe  size  is  installed,  the  loss  will  continue  indefi¬ 
nitely,  and  is  uncontrollable.  On  the  other  hand,  a  station  heat 
balance  is  flexible,  since  means  are  usually  provided  for  varying 
the  amount  of  exhaust  steam  available  for  feed- water  heating. 
Since  Mr.  Clarke  makes  a  very  searching  and  exhaustive  studv 
of  station  heat  balance,  his  contention  that  a  theoretical  analysis 
of  steam-pipe  size  is  unwarranted,  does  not  seem  consistent  with 
his  practice. 

As  to  the  criticism  that  an  experienced  designer  can  de¬ 
termine  pipe  size  without  calculation,  not  all  engineers  who  are 
concerned  with  such  problems  are  satisfied  until  a  theoretical 
analysis  has  been  made,  and  it  is  for  their  benefit  that  the  writer's 
method  was  offered.  The  fact  that  a  number  of  engineers  (central- 
slation  as  well  as  steel-works  men)  have  been  interested  in  this 
form  of  analysis  is  sufficient  justification  for  its  publication. 

Mr.  D.  D.  Pendleton  :*  When  the  speaker  entered  the 
economizer  field  many  boiler-plant  designers  did  not  consider 
economizers  worth  while,  admitting,  however,  that  a  comparison 
of  anticipated  heat  balance  with  and  without  economizers  would 
easily  justify  the  use  of  economizers.  They  contended,  with 
plenty  of  evidence  to  back  them,  that  in  actual  performance 


♦District  Sales  Manager,  Wheeler  Condenser  &  Engineering  Co.,  Pitts¬ 
burgh;  Sales  Engineer,  Power  Specialty  Co.,  Pittsburgh. 
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losses  by  radiation  and  particularly  by  air  infiltration  cut  down 
the  margin  of  profit  on  investment  sometimes  to  an  actual  loss. 

The  economizer  proposition  boils  down  to  the  problem  of 
obtaining,  in  actual  operation,  the  conditions  on  which  the  design 
of  the  economizer  is  based.  If  this  can  be  done  there  can  lie  no 
argument  on  this  matter  when  taking  into  consideration  the  added 
advantages  of  the  steel-tube  economizer  with  "Foster”  extended 
surface  in  reducing  space  requirements,  building  costs,  etc. 

By  washing  down  with  water  we  greatly  reduce  operating 
and  maintenance  cost  and  at  the  same  time  obtain  better  cleaning; 
therefore,  other  conditions  being  equal,  greater  work  is  done  per 
square  foot.  The  compactness  of  this  design  makes  it  possible 
to  locate  nearer  the  boiler  in  all  cases.  T  his  reduces  losses  and 
any  initial  waste  on  account  of  long  flues.  A  small  casing  and  a 
short  flue  can  be  made  for  all  practical  purposes  absolutely  gas 
tight.  This  makes  it  possible  to  increase  suction  to  produce  high 
gas  velocities,  thus  increasing  the  rates  of  transfer  and  increas¬ 
ing  the  work  done  per  unit  of  heating  surface. 

The  mere  bulkiness  of  other  economizers,  the  openings  for 
chains  to  operate  scrapers,  and  the  necessity  for  by-pass  damper, 
all  contribute  to  increase  losses  by  radiation  and  air  infiltration. 
The  impossibility  of  eliminating  air  infiltration  also  makes  it  out 
of  the  question  to  increase  the  transfer  rates  by  increasing  gas 
velocities.  The  necessary  increase  of  suction  pressure  would 
make  air  infiltration  losses  prohibitive. 

The  speaker  does  not  quite  understand  Mr.  Clarke’s  Fig.  1. 
The  mere  statement  of  64  per  cent,  economizer  surface  means 
very  little.  The  work  done  depends  upon  gas  velocity,  radiation 
losses,  air  infiltration,  and  amount  of  surface.  We  have  no 
hesitancy  in  saying  that  the  combined  efficiency  of  a  13-high 
boiler  with  a  "Foster"  economizer,  having  100  degrees  rise  at 
ordinary  normal  loads,  will  be  from  five  to  seven  per  cent,  greater 
than  the  efficiency  of  a  20-high  boiler  without  economizer  at  the 
same  output.  This  is  shown  in  Fig.  5,  showing  the  performance 
of  a  13-high  boiler  with  a  'IS  per  cent,  economizer  in  one  case, 
and  with  53  per  cent,  economizer  in  another  case,  as  compared 
with  a  20-high  boiler  without  economizer. 


Temperature  -  Deg  .F.  Eff ici  ency  -  Percent. 
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Weight  of  Steam -Thousands  of  Pounds  per  hour 


Fig.  5.  Effect  of  Economizer. 
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Fig.  6.  Comparison  of  Various  Arrangements  of  Boiler  and  Economizer. 
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Fig.  G  shows  efficiencies  of  a  20-high  boiler  and  a  Id-high 
boiler  with  different  economizer  units,  as  follows: 


1. 

12,728 

square 

square 

feet. 

feet ; 

13 -high 

boiler 

with 

economizer,  6720 

9 

/V  • 

12,728 

square 

square 

feet. 

f  ect ; 

1 3-high 

boiler 

with  economizer,  10,080 

3. 

18,900 

square 

square 

feet. 

feet ; 

20-high 

boiler 

with 

economizer,  5020 

4. 

]  8,900 

square 

feet ; 

20-high 

boiler 

with 

economizer,  8400 

square  feet. 

5.  18,900  square  feet;  20-high  boiler  without  economizer,  feed- 

water,  200  degrees. 

Curve  5  shows  the  efficiency  of  a  20-high  boiler  with  no  econo¬ 
mizer.  Curve  3  shows  the  efficiency  of  the  same  boiler  with  2(5.6 
per  cent,  economizer  added.  Curve  4  shows  the  efficiency  of  the 
same  boiler  with  44.1  per  cent,  economizer  added.  Curve  /  shows 
the  efficiency  of  a  13-high  boiler  with  53  per  cent,  economizer 
added.  Curve  2  shows  the  efficiency  of  the  same  boiler  with  18 
per  cent,  economizer  added. 

This  proves  conclusively  that  the  20-high  boiler  without 
economizer  is  by  far  the  least  efficient  of  any  of  the  combina¬ 
tions  shown. 

Curves  2  and  7,  being  identical,  show  that  the  same  economy 
at  the  same  load  can  be  obtained  from  22,808  square  feet  of 
total  surface,  when  arranged  as  a  13-high  boiler  and  80  per 
cent,  economizer,  as  from  21,300  square  feet  arranged  as  a  20- 
high  boiler  and  14  per  cent,  economizer — a  saving  of  1  192  square 
feet  of  surface,  which  indicates  that  economizer  surface  is  a 
much  better  investment  than  equivalent  boiler  surface. 

The  speaker  believes  that  Mr.  Van  Deventer  is  absolutely 
on  the  right  track,  and  that  the  time  is  coming  when  economizers 
will  be  installed  for  the  maximum  rise  possible  without  generat¬ 
ing  steam,  and  the  boiler  rating  will  be  run  up  as  required  or 
the  amount  of  surface  in  the  boiler  reduced  so  as  to  produce  gas 
temperatures  leaving  the  boiler  high  enough  to  give  the  be^t 
overall  results. 
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Mr.  G.  G.  Bell:*  Mr.  Clarke  has  presented  a  very  compre¬ 
hensive  statement  of  the  factors  affecting  the  type,  equipment, 
and  selection  of  site  of  modern  large  central  stations.  Changes 
in  the  art  have  entailed  considerable  difference  in  the  designs  to 
meet  differences  in  conditions  and  load;  moreover,  differences 
of  opinion  exist  among  designers. 

Great  progress  has  been  made  in  the  art  of  transmission. 
With  high  voltages  the  liability  of  interruption  from  electrical 
storms  has  been  much  reduced. 

The  Windsor  power-station  was  put  into  operation  in  the 
fall  of  1917.  Most  of  the  power  from  this  station  is  delivered 
to  the  Washington,  Pa.,  substation  of  the  West  Penn  Power  Com¬ 
pany,  about  29  miles  distant ;  to  the  Canton  substation  of  the 
Ohio  Power  Company;  and  to  the  Akron  substation  of  the  North¬ 
ern  Ohio  Traction  &  Light  Company — the  latter  being  about  80 
miles  from  the  Windsor  power-station.  The  interruptions  to  the 
service  of  these  stations  have  not  exceeded  one  per  year,  and  have 
been  in  the  nature  of  switching  troubles  only;  so,  from  the  ex¬ 
perience  of  this  station,  the  power-house  should  be  located  at 
the  point  at  which  power  can  be  generated  and  delivered  to  the 
customer  the  most  cheaply,  rather  than  with  regard  to  the  effect 
which  long-distance  transmission  has  on  the  service  to  the  cus¬ 
tomer.  This  is  also  borne  out  by  the  performance  of  Pacific 
coast  systems. 

At  present,  the  minimum  freight  rate  on  coal  in  the  Pitts¬ 
burgh  district  averages  about  85  cents  a  ton  and  would  vary 
up  to  $1.15,  in  order  to  get  competition  from  a  number  of  mines 
capable  of  supplying  a  large  power-station.  Allowing  for  trans¬ 
mission  losses,  the  freight  rate  amounts  to  roughly  1/10  cent  per 
kilowatt-hour,  and  is  about  equal  to  the  cost  of  transmitting 
100,000  kilowatts  50  miles  over  a  double  circuit,  132,000-volt  tower 
line.  These  figures  include  the  step-down  substation  to  step  down 
to  25,000  volts,  but  do  not  include  the  step-up  substation.  This 
distance  will,  in  general,  exceed  the  maximum  distance  that  coal 
to  generate  this  amount  of  power  can  be  hauled  for  the  minimum 
freight  rate.  A  closer  study  would  probably  indicate  that  the 
economical  distance  to  transmit  power  was.  somewhat  in  excess 
of  50  miles. 

♦Manager  Power  Development,  West  Penn  Power  Co.,  Pittsburgh. 
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One  additional  factor  of  great  weight  in  favor  of  a  mine- 
mouth  power-plant  is  the  certainty  of  fuel  supply  in  times  when 
the  railroads  are  heavily  loaded  and  cars  are  scarce  or  there  is 
labor  trouble  on  the  railroads.  It  is  then  of  vital  importance  to  he 
able  to  transmit  energy  instead  of  shipping  coal.  There  is  also  the 
assurance  that  the  power-house  will  then  get  one  grade  of  coal — 
which  otherwise  is  not  the  case,  at  times  when  cars  are  scarce, 
as  it  will  have  to  go  into  the  market  to  get  the  excess  needed  over 
what  it  can  get  on  its  contracts.  This  necessity  forces  the  sta¬ 
tion  to  pay  a  high  price  for  the  extra  coal  at  the  time  it  is  most 
difficult  to  get. 

Mr.  Clarke  mentions  the  difficulty  of  obtaining  suitable  sites 
for  large  power-stations  at  the  mine  mouth.  This  is  due  to  a 
great  extent  to  the  demand  for  coal  lying  along  the  river;  first, 
on  account  of  the  easy  rail  connections  which  can  usually  be  had 
at  such  locations,  and  second,  on  account  of  the  advantage  of 
river  transportation,  which  enables  the  various  steel-mills  and 
manufacturing  concerns  located  along  the  river  to  get  their  coal 
delivered  at  a  lower  price.  These  two  factors  have  greatly  in¬ 
creased  the  value  of  coal  lying  adjacent  to  the  rivers  which  are 
large  enough  to  supply  the  necessary  circulating  water  for  a 
large  power-house. 

In  addition  to  the  saving  in  freight  rate  by  having  the  power- 
station  located  at  the  mine  mouth,  there  is  the  saving  at  the  mine 
of  handling  the  loaded  cars,  due  to  the  care  which  is  frequently 
taken  in  topping  the  railroad  cars  so  as  to  get  full  capacity, 
especially  at  times  when  coal  cars  are  scarce.  At  the  power-sta¬ 
tion  there  is  the  saving  in  switching  and  unloading.  This  is  of 
particular  importance  where  the  haul  is  so  long  that  in  the  winter 
the  coal  cars  become  frozen.  This  greatly  increases  the  expense 
and  difficulty  of  unloading  coal. 

A  place  for  ash  disposal  is  very  important.  This  is  partic¬ 
ularly  so  where  low-grade  fuels  are  burned,  as  the  rates  charged 
by  the  railroads  for  disposing  of  ashes  are  very  high.  In  the 
Pittsburgh  district  it  is  not  especially  difficult  to  get  land  for  ash 
disposal,  as  the  numerous  valleys  between  the  hills  furnish  ideal 
dumpage  for  large  quantities  of  ashes. 

An  item  of  some  importance  in  selecting  a  power-station 
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site  is  proximity  to  a  labor  market  of  sufficient  size  to  take  care 
of  the  demands  of  the  power-station,  and  of  towns  to  furnish 
the  necessary  residence  facilities  for  the  employees.  The  building 
of  villages  represents  an  investment  of  a  fair  percentage  of  the 
power-house  cost,  especially  when  the  installed  capacity  is  small, 
and  sufficient  rental  is  seldom  secured ;  consequently,  the  cost  of 
maintaining  and  carrying  the  houses  results  in  a  loss. 

Rivers  in  the  Pittsburgh  district  are  subject  to  very  severe 
rises  during  the  flood  season.  The  Allegheny  River  at  the  site  of 
the  Springdale  and  Colfax  stations  has  a  maximum  flood  rise  of 
about  32  feet.  At  the  Windsor  plant,  near  Wheeling,  the  Ohio 
River  has  a  rise  of  52  feet,  and  at  Cincinnati  the  maximum  flood 
stage  is  72  feet  above  low  water.  Taking  care  of  this  exceptional 
water  rise  is  a  large  item  in  the  first  cost  of  the  plant  and  adds 
considerably  to  the  time  of  construction.  As  the  chief  effect  of 
these  high  floods  is  the  uplift  on  the  turbine-room  basement 
floor,  it  is  advisable  to  keep  the  turbine  room  as  narrow  as  possible. 

Mr.  Clarke  recommends  that  at  least  12  hours'  ash  storage  be 
provided.  A  capacity  of  24  hours'  storage  is  little  enough,  and 
more  is  advisable  if  it  can  be  secured  at  reasonable  cost.  Break¬ 
downs  in  the  transportation  system,  labor  trouble,  and  inability  to 
get  men  to  work  at  times  when  high  loads  are  being  carried  on  the 
plant — which  might  necessitate  the  removal  of  ashes  at  night — all 
require  increased  storage.  If  ashes  have  to  be  removed  at  regular 
intervals,  say  once  a  shift,  it  requires  a  high  state  of  organization, 
and  any  emergency  may  necessitate  a  shut-down  of  a  section  of 
the  boiler  room  or  increased  maintenance  due  to  stoker  burn-outs. 
In  one  plant  in  which  boilers  are  run  at  about  250  per  cent, 
maximum  rating  when  the  plant  is  putting  out  about  90  per  cent, 
of  the  maximum  turbine  capacity,  men  will  not  work  in  the  ash 
basement  because  of  the  gases  discharged  through  the  ash-pit 
doors.  In  addition,  these  gases  are  very  destructive  to  steel¬ 
work,  necessitating  the  entire  renewal  of  all  steelwork  in  the  ash 
basement  and  the  doors  inside  of  a  period  of  three  years  from 
the  time  the  plant  was  put  into  operation. 

Where  a  clinker  grinder  is  installed,  there  are  more  openings 
from  the  ash-pit  into  the  ash-pit  basement  than  usual.  For  this 
reason  the  ash-pit  should  be  enclosed  in  a  pressure  chamber. 
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allowing  a  certain  amount  of  air  from  the  air  duct  to  he  dis¬ 
charged  into  it,  and  the  fresh  air  leakage  from  this  pressure 
chamber  only  to  flow  into  the  ash  basement.  This  will  eliminate 
me  discharge  of  gas  into  the  basement.  With  clinker  grinders 
as  installed  at  Colfax  and  Springdale,  large  quantities  of  water 
are  sprayed  on  the  clinker  before  it  reaches  the  grinder.  This  helps 
to  reduce  the  airfount  of  gas  in  the  ash-pit  but  increases  the 
problem  of  the  disposal  of  this  relatively  large  quantity  of  water. 
Where  such  large  quantities  of  water  are  used,  the  air  needed  in 
excess  of  that  furnished  by  the  generators  should  not  be  drawn 
through  the  ash-pit  basement,  or  in  cold  weather  ice  will  form 
on  the  railway  tracks,  derailing  the  ash  cars ;  and,  in  case  a 
boiler  is  banked  and  the  water  is  allowed  to  run  into  the  pits  any 
length  of  time,  the  doors  are  very  apt  to  become  frozen.  Incident¬ 
ally,  any  pockets  in  the  blow-off  piping  or  other  water  piping  in 
the  basement  are  apt  to  freeze  up,  especially  at  times  of  very  low 
load  such  as  occur  on  Sunday  mornings,  when  the  demand  for 
water  may  be  particularly  low.  With  the  use  of  ash-hopper  doors, 
the  water  dropping  on  foggy  mornings  will  cause  vapor  so  thick 
in  the  ash-pit  basement  that  it  will  be  impossible  for  a  man  to  see 
and  very  dangerous  for  him  to  work.  Also,  provision  must  he 
made  in  the  ash  basement  for  gutters  for  the  disposal  of  the  water. 

The  labor  required  to  handle  ashes  with  the  submerged  sys¬ 
tem  is  small — a  1.5-yard  graib-bucket  crane  handling  the  ashes 
from  10,000  kilowatt  capacity  per  hour. 

With  regard  to  the  location  of  the  switch  structure,  one 
thing  to  be  considered  in  the  location  is  the  cost  of  foundations. 
Mr.  Clarke  states  that  it  can  be  put  where  convenient.  Where 
foundations  are  expensive,  the  switch  structure  may  be  placed 
on  top  of  the  turbine  room.  This  has  the  advantage  of  keeping  the 
switchboard  operators  away  from  the  noise  of  the  turbine  room, 
and  sufficiently  far  away  so  that  in  case  of  the  breakage  of  a 
steam-pipe  or  an  accident  to  any  of  the  smaller  machines  there 
is  very  little  danger  of  injury  to  the  control  room. 

Mr.  Clarke  states  that  machine-shops,  storehouse,  wash-room 
and  toilets  may  be  placed  under  the  boiler-room  floor.  This  is 
especially  the  case  where  aisle  provision  is  made  for  pulling  the 
boiler  tubes  toward  the  outside  of  the  building  or  where  there  are 
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three  bunkers,  as  this  will  provide  room  for  a  fair  sized  machine 
shop  on  the  outside  of'  the  boiler  room  with  natural  light.  In 
plants  where  make-up  water  is  evaporated,  tube  renewals  are 
few;  and  it  will  not  greatly  disturb  the  boiler-room  operators  to 
have  occasional  tubes  pulled  into  any  aisle.  It  is  advisable  to 
have  the  machine-shop  located  as  far  as  possible  from  the  turbine 
room,  in  order  to  reduce  the  vibration.  Good  ventilation  is  re¬ 
quired  in  the  wash-rooms,  toilets  and  locker  rooms ;  and  this  will 
be  provided  if  they  are  placed  where  some  of  the  air  for  the 
boilers  may  be  drawn  through  them. 

With  regard  to  the  supply  of  air  for  the  boilers,  probably 
nine  months  out  of  the  year  the  discharged  air  from  the  generators 
can  be  used  by  the  boilers  and  is  about  sufficient  to  supply  the 
air  for  one-half  the  boilers;  that  is,  those  on  one  side  of  the  room. 
The  air  for  those  on  the  other  side  must  be  drawn  from  the  out¬ 
side.  During  the  remaining  three  colder  months  of  the  year  it  is 
not  advisable  to  move  large  quantities  of  cold  air  through  the  tur¬ 
bine  room,  on  account  of  lowering  of  turbine  room  temperature 
and  the  resulting  increased  possibilities  of  condensation.  The 
problem  of  recirculating  the  air  for  generators  also  calls  for  con¬ 
sideration,  particularly  in  plants  where  the  generators  are  oper¬ 
ated  at  11,000  volts  or  higher  and  there  is  any  considerabe  amount 
of  soot  in  the  air,  as  the  modern  air  washer  is  not  very  efficient 
in  removing  soot.  If  the  heat  is  to  be  absorbed  with  this  arrange¬ 
ment,  the  turbine  condensate  must  be  used  to  cool  the  air.  This 
arrangement  has  the  additional  advantage  that  in  case  of  a  fire 
in  the  generator,  there  is  only  a  small  quantity  of  air  to  support 
combustion  in  the  circuit.  This  method  of  cooling  the  air  requires 
that  practically  the  entire  quantity  of  air  for  the  boilers  be  drawn 
from  the  outside. 

Regarding  the  installation  of  economizers,  a  recent  investiga¬ 
tion  of  a  plant  in  which  economizers  fed  with  water  at  100  to  120 
degrees  F.  are  installed,  indicated  that  an  increase  in  excess  of 
two  per  cent,  in  the  economy  of  the  station  and  the  capacity  of 
the  boiler  room,  and  five  per  cent,  in  generator  capacity,  could  be 
obtained  by  installing  a  house  generator  and  heating  the  feed 
water  to  210  degrees.  This  would  be  a  handsome  return  on  the 
necessary  investment,  and  in  addition  would  give  a  more  reliable 
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source  of  power  for  motor-driven  auxiliaries.  As  these  investiga¬ 
tions  were  conducted  for  a  plant  which  was  designed  for  econo¬ 
mizers  and  where  the  feed-water  enters  at  slightly  in  excess  of 
.100  degrees,  it  indicates  that  if  an  investment  in  economizers  is 
warranted,  it  must  prove  so  when  supplied  with  feed-water  at 
210  degrees.  This  feed-water  temperature  has  the  advantage 
mentioned  frequently,  that  it  is  easier  to  remove  the  entrained 
oxygen  and  reduce  the  corrosion  in  the  boiler  and  economizer 
with  feed-water  at  this  temperature. 

The  guarantees  made  on  the  20-high  boilers  are  exceptional, 
but  it  is  a  little  difficult  to  understand  how  a  13-high  boiler  with 
a  71  per  cent,  economizer  having  approximately  15  per  cent,  more 
heating  surface  than  the  20-high  boiler,  should  have  the  same 
efficiency  when  producing  160,000  pounds  of  steam,  the  exit 
temperature  from  the  economizer  being  350  degrees,  and  from 
the  20-high  boiler  575  degrees,  or  225  degrees  higher  than  the 
exit  temperature  from  the  economizers.  See  Fig.  7. 

Where  high-grade  coal  is  burned,  with  which  it  is  easy  to 
obtain  high  C02,  the  recovery  in  the  economizers  will  be  corres¬ 
pondingly  low  and  may  not  be  warranted  ;  whereas,  with  an  equally 
costly  low  grade  of  coal,  economizers  may  be  warranted.  With 
pulverized  coal  the  C02  is  so  high  that  the  price  of  coal  will  have 
to  be  unusually  high  to  warrant  the  use  of  economizers. 

Where  a  common  stack  is  used  for  a  number  of  boilers,  the 
placing  of  the  breeching  on  the  roof  of  the  boiler  plant  will  with¬ 
out  doubt  reduce  the  first  cost,  especially  if  the  bottom  of  the 
bunker  is  close  to  the  top  of  the  boiler.  This  arrangement,  while 
providing  good  lighting  for  the  outside  aisle  of  the  boiler  room, 
does  not  provide  good  ventilation  for  the  boiler  room  or  good 
lighting  for  the  middle  aisle,  where  it  is  most  important  to  have 
favorable  working  conditions.  Elevating  the  power-house  roof 
and  bunker  will  very  much  improve  conditions  in  the  boiler  room 
at  a  small  additional  cost,  especially  if  there  is  no  longitudinal 
breeching  in  the  boiler  room. 

Regarding  double  vs.  single-stokered  boilers,  boilers  equipped 
with  single  stokers  are  more  accessible  for  cleaning,  as  access 
doors  can  be  placed  under  the  up-take  end.  Offsetting  this,  the 
air  pressure  under  the  stoker  must  be  higher  tor  equal  output. 
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therefore  requiring  a  greater  amount  of  power  for  the  forced- 
draft  fan.  The  boiler  can  be  run  at  much  higher  capacity  and 
will  have  better  efficiency  if  double  stokered,  at  practically  all 
ratings  above  150  per  cent.,  which  is  approximately  the  point  of 
maximum  efficiency  for  a  single-stokered  boiler. 

The  cost  of  modern  boilers,  especially  where  foundations 
are  expensive,  is  so  large  that  the  total  generating  cost  including 
capital  cost  is  least  when  boilers  are  operated  at  comparatively 


Fig.  7.  Effect  of  Economizer. 

high  average  ratings.  The  total  carrying  charges  on  a  double- 
stokered  1890-horse-power  boiler,  20  tubes  high,  with  average 
foundation  conditions  is  about  $50,000  a  year.  This  boiler  is 
capable  of  producing  steam  about  six-sevenths  of  the  time  when 
operated  at  normal  maximum  rating,  or  T500  hours  a  year — one- 
third  being  at  maximum  rating,  one-third  at  three-fourths  of 
maximum  ra/ting,  and  the  remaining  one-third  at  one-half  maxi¬ 
mum  rating. 
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Fig.  T  shows  the  relative  efficiency  of  the  20-high  boiler 
at  1890  horse-power  when  equipped  with  single  and  when  equipped 
with  double  stoker.  At  250  per  cent,  rating,  the  advantage  in 
favor  of  the  double-stokered  boiler  is  in  excess  of  four  per  cent. 
These  curves  are  made  on  the  basis  of  boiler  guarantees.  1  his 
increased  economy  is  obtained  by  better  combustion. 

The  effect  of  increased  coal  prices  is  to  reduce  the  rating  at 


Fig.  8.  Factors  Affecting  Total  Cost  of  Steam. 


which  boilers  should  be  operated,  as  the  loss  in  efficiency  at  high 
ratings  under  such  conditions  is  a  more  important  factor. 

Fig.  8  shows  the  interrelation  of  the  carrying  charges,  the 
rate  of  steam  production,  and  the  number  of  hours  in  service. 
On  the  same  diagram  is  also  shown  the  relative  cost  of  coal  per 
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thousand  pounds  of  steam  for  coal  costs  of  $2.35,  $3,  $4  and  $G 
per  ton,  based  on  guarantees  for  the  20-high  boiler  42  tubes 
wide.  The  other  charges,  including  labor  to  operate,  maintenance 
of  boiler  and  equipment,  and  power  to  operate  various  induced 
and  forced-draft  fan  and  stoker  motors,  are  also  shown,  and  form 
a  comparatively  small  item,  being  approximately  one-twelfth  of 
the  cost  of  steam  when  coal  is  valued  at  $3  a  ton. 


THOUSANDS  LSS  or  STEAM  PZ.R  HOOP. 


Fig. 


9.  Cost  of  Steam. 


The  top  curves  of  I"ig.  9  show  the  total  cost  of  producing 
steam.  The  second  series  of  curves  shows  the  average  cost  of 
1000  pounds  of  steam  when  the  boiler  is  operated  in  accordance 
with  the  assumptions  above ;  that  is,  one-third  of  the  time  at 
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maximum  rating,  one-third  of  the  time  at  three-fourths  of  maxi¬ 
mum  rating,  and  the  remaining  one-third  of  the  time  at  one-half 
of  maximum  rating,  the  cost  being  plotted  at  the  maximum  rating 
at  which  the  boiler  is  run.  The  two  curves  on  the  bottom  show 
the  increase  in  the  average  cost  of  steam  by  changing  the  maximum 
rating  at  which  the  boiler  is  operated,  the  assumptions  being  the 
same. 

The  study  indicates  that  the  point  of  minimum  cost  of  this 
particular  boiler  when  burning  coal  costing  $3  a  ton  is  when  it 
is  operated  at  a  maximum  rating  of  190,000  pounds  of  steam  an 
hour.  Decreasing  to  a  maximum  of  150,000  pounds  an  hour 
increases  the  cost  of  steam  about  1.7  per  cent.,  and  to  a  maximum 
of  100,000  pounds  an  hour  about  10.5  per  cent.  With  coal  at  $6. 
the  point  of  least  cost  is  when  the  maximum  output  is  170,000 
pounds  of  steam  per  hour,  and  decreasing  the  maximum  to 
100,000  pounds  per  hour  would  increase  the  cost  of  steam  only 
3.5  per  cent. 

The  above  studies  are  for  a  double-stokered  boiler.  The 
investment  in  a  single-stokered  boiler  is  smaller,  due  to  the 
smaller  size  of  the  auxiliaries,  air  ducts,  smoke  flues,  and  bunkers, 
and  lower  expense  of  the  stoker  itself.  The  reduction  in  invest¬ 
ment  will  probably  not  be  in  excess  of  10  to  15  per  cent.,  the 
result  being  that  for  the  same  investment  a  smaller  capacity  is 
secured  per  dollar  invested  and  that  there  is  not  the  overload 
capacity  to  take  care  of  emergency  conditions  that  there  is  with 
the  double-stokered  boiler. 

The  number  of  twyers  in  the  stokers  is  gradually  being  in¬ 
creased ;  one  manufacturer  at  the  present  time  is  offering  a  25- 
twyer  stoker.  The  employment  of  such  long  stokers  may  result 
in  obtaining  sufficient  overload  capacity  so  that  with  the  greater 
simplicity  of  furnace  and  boiler  rooms  they  will  displace  the 
double-stokered  furnace.  In  the  present  designs,  however,  there 
is  from  50  to  62.5  per  cent,  of  the  active  grate  surface  in  a 
single-stokered  boiler  that  there  is  in  a  double-stokered  boiler : 
and,  as  the  reduction  in  initial  cost  is  approximately  10  to  15  per 
cent.,  capacity  is  obtained  in  a  double-stokered  boiler  for  65  to 
75  per  cent,  of  the  investment  that  is  required  to  obtain  the  same 
capacity  in  a  single-stokered  boiler. 
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The  curves  of  operation  of  the  double-stokered  boiler  indi¬ 
cate  that  the  cost  of  operation  between  100,000  and  200,000 
pounds  of  steam  is  approximately  the  same,  which  would  permit 
ot  boilers  normally  being  operated  under  such  rating  as  experi¬ 
ence  demonstrates  gives  comparative  freedom  from  boiler  trouble, 
and  in  case  of  emergency  considerable  overload  capacity  is  avail¬ 
able.  The  additional  investment  in  stokers,  fans,  and  flues  for 
generating  such  excess  is  a  comparatively  small  percentage  of  the 
initial  cost.  The  reduction  in  the  number  of  bunkers  from  three 
to  one  cuts  the  capacity  of  coal  in  storage  to  approximately  one- 
half  for  the  single-stokered  boiler.  The  conservation  of  capital 
is  particularly  important  when  first  cost  is  unreasonably  high. 
This  is  especially  true,  as  the  advancement  in  the  art  is  such  that 
within  a  few  years  equipment  installed  at  the  present  time  is  very 
likely  to  be  peak-load  equipment,  as  the  later  installations  will  be 
more  efficient. 

The  manufacturers  are  recommending  against  extremely  high 
ratings  until  further  experience  can  be  had  with  the  circulation 
of  water  in  the  tubes  of  high  boilers. 

The  cost  of  producing  steam  will  decrease  as  the  output  from 
the  boiler  increases  up  to  the  practical  limit  at  which  the  boiler 
can  be  operated,  the  maximum  capacity  being  limited  by  the  forma¬ 
tion  of  clinker  in  the  stoker,  the  fusing  of  the  brickwork,  or  by 
the  internal  and  external  cleanliness  of  the  boiler  tubes.  Main¬ 
tenance  of  stoker  and  furnace  will,  of  course,  become  excessive 
with  slagged  up  boilers  where  sufficient  draft  is  not  provided. 
High  boilers  equipped  with  natural  draft  only  were  limited  to  a 
relatively  low  rating  until  the  arrangement  of  tubes  and  super¬ 
heaters  and  type  of  baffling  as  adopted  in  the  new  Hell  Gate 
station  and  as  purchased  for  the  next  extension  to  the  Colfax 
station,  were  designed. 

Provided  the  plant  has  a  fairly  heavy  and  steady  load  and  the 
boilers  are  to  be  run  at  large  outputs,  such  as  the  attached  curve 
would  indicate  ^vere  justified,  better  efficiencies  can  be  obtained 
with  double  stokers.  While  the  boiler  equipped  with  double  stoker 
and  with  fronts  parallel  to  the  axis  of  the  building  requires  three 
rows  of  bunkers  in  place  of  one  required  by  that  equipped  with 
the  single  stoker,  there  is  the  advantage  of  having  additionnl  coal 
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in  storage  in  the  bunkers  to  take  care  of  possible  breakdowns. 
The  amount  of  attendance  is  not  measurably  increased  by  the  use 
of  double  stokers,  as  with  these  large  boilers  operated  under 
steady  load  conditions  there  are  comparatively  few  adjustments 
to  be  made.  In  either  case  there  is  the  same  number  of  inspec¬ 
tion  doors. 

Regarding  the  drive  of  the  stoker  and  clinker  grinder,  a 
speed  range  of  about  four  to  one  is  necessary.  This  can  be  easily 
secured  with  a  direct-current  motor  or  a  pole-changing  alternating- 
current  motor.  Fig.  10  shows  the  speed  change  for  a  19-point 


Fig.  10.  Speed  Regulation  of  Stoker  Motors. 

controller  for  the  pole-changing  motor.  The  speed  change  for 
the  first  10  notches  is  32  r.p.m.  per  notch  and,  for  the  other  eight, 
about  TO  r.p.m.  per  notch.  The  regulation  obtained  from  these 
motors  is  satisfactory,  and  does  not  require  any  additional  com¬ 
plication  in  the  station  to  take  care  of  another  auxiliary  voltage. 
The  efficiency  of  direct-current  motors  is  high  when  used  as  vari¬ 
able-speed  motors ;  but,  when  the  conversion  losses  are  considered, 
their  efficiency  will  be  very  considerably  below  that  of  the  pole¬ 
changing  motor. 

Regarding  auxiliaries,  maintenance  will  be  decreased  and 
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easier  operation  will  be  obtained  by  the  use  of  motor-driven 
auxiliaries.  Practically  all  large  units  installed  recently  have 
duplicate  auxiliaries.  The  great  difficulty  with  motor-driven 
auxiliaries  is  the  liability  of  interruption  to  the  auxiliary  on  ac¬ 
count  of  disturbances  to  the  main  unit.  This  necessitates  a 
separate  source  of  power  for  at  least  a  portion  of  the  auxiliaries. 
One  circulating  pump,  motor-driven  exciters,  and  motor-driven 
boiler-feed  pumps  should  not  be  interrupted.  Short  interruptions 
to  the  other  auxiliaries  will  not  be  serious,  provided  they  are 
promptly  put  back  in  service.  A  non-condensing  house  generator 
can  be  used  to  advantage  to  supply  power  to  the  units  which  re¬ 
quire  the  most  reliable  service,  the  remainder  of  the  auxiliaries 
being  fed  from  the  main  unit.  The  exhaust  steam  from  the 
house  generator  can  be  used  to  heat  the  feed-water.  The  load 
on  the  house  generator,  to  get  the  most  economical  results,  should 
be  limited  to  the  minimum  load  which  should  have  a  reliable 
source  of  power,  the  remainder  of  the  steam  required  to  heat  the 
feed-water  to  210  degrees  being  drawn  from  the  lower  stages  of 
the  main  unit  unless  deemed  to  introduce  undue  complication. 
Experiments  conducted  in  one  of  the  large  stations  indicate  that 
sufficient  steam  can  be  bled  from  the  low-pressure  end  of  the 
large  turbine  to  heat  the  feed-water  to  210  degrees  without 
materially  affecting  the  performance  of  the  machine.  The  house 
generator  may  be  operated  in  parallel  with  the  main  units  except 
on  the  approach  of  a  storm,  when  it  is  advisable  to  operate  it 
separately  so  that  there  will  be  no  disturbance  to  the  auxiliaries 
which  must  have  a  continuous  supply  of  power.  For  ordinary 
operation  a  relay  can  be  placed  'between  the  bus  to  which  the 
house  generator  is  connected  and  the  bus  fed  by  the  house  trans¬ 
formers  which  are  supplied  by  the  main  unit;  so,  if  in  case  of  a 
lowering  of  the  voltage  of  the  main  units,  whether  from  a  surge 
or  otherwise,  there  is  a  tendency  for  the  house  generator  to  feed 
any  large  quantity  of  current  to  the  main  unit,  a  switch  is  opened 
separating  the  two  buses.  This  arrangement  has  operated  in 
practice  very  satisfactorily. 

Auxiliaries  driven  by  the  ordinary  slip-ring  motor  are  not  so 
susceptible  to  fine  control  as  if  driven  by  turbine;  for  this  reason, 
with  automatic  control  there  is  some  advantage  in  turbine  drive. 
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However,  the  brush-shifting  type  of  alternating-current  motor 
possesses  this  advantage.  For  use  with  automatic  boiler  control, 
if  the  slip-ring  motor  is  worked  by  the  automatic  pressure  re¬ 
gulator,  having  the  ordinary  type  of  19  (or  more)  point  con¬ 
troller,  then  the  fine  adjustment  can  be  made  by  a  brush-shifting 
motor,  the  latter  motor  being  governed  by  furnace  conditions. 

Pulverized  coal  is  attracting  considerable  attention.  The  di¬ 
rect  application  of  an  individual  pulverizer  of  reliability  and  suf¬ 
ficient  size  to  take  care  of  individual  boiler  requirements,  with 
the  elimination  of  pulverized  coal  storage  and  feeders,  would 
make  for  a  very  low  initial  cost,  and  permit  of  the  remodeling  of 
many  present  steam  plants.  In  some  plants  located  at  the  mine 
mouth,  driers  can  be  eliminated.  While  pulverized  coal  requires 
a  larger  combustion  chamber,  the  reduction  in  the  capacity  of  the 
induced-draft  fan  on  account  of  the  higher  C02  at  which  it  is 
possible  to  run  with  ordinary  grades  of  fuel,  together  with  the 
elimination  of  the  stoker  and  forced-draft  fan  motors,  will  more 
than  offset  the  increased  power  required  for  the  pulverizers.  The 
elimination  of  air  ducts  will  tend  to  offset  the  increased  cost  of 
the  furnace,  and  a  direct-connected  pulverizing  plant,  even  allow¬ 
ing  a  spare  pulverizer  for  every  two  units,  is  estimated  to  cost 
about  as  much  as  stoker  and  equipment.  Neglecting  the  relative 
efficiency  of  the  two  types,  this  leaves  maintenance  as  the  main 
question  between  the  two  types  of  firing.  Manufacturers  state 
that  low-speed  mills  of  the  ball  type  have  a  lower  maintenance 
cost  per  ton  than  the  usual  stoker  maintenance  with  Pittsburgh 
coals.  Stoker  efficiencies  fall  off  rapidly  at  high  ratings;  whereas 
indications  are  that  the  curve  for  a  pulverized-fuel-fired  furnace 
is  much  flatter,  and,  as  there  is  a  smaller  volume  of  gases  to  cool 
for  the  same  output,  the  exit  temperature  is  lower.  This  will  all 
tend  to  permit  of  further  increasing  the  capacity  at  which  boilers 
can  be  run,  and  of  reducing  the  labor  and  capital  cost  of  pro¬ 
ducing  steam.  Present  indications  are  that  the  recovery  in  econo¬ 
mizers  with  pulverized  fuel  will  he  quite  low;  and  unless  a  plant 
is  run  at  exceptionally  high  load-factor  and  with  high  priced  coal, 
economizers  will  not  be  warranted  in  this  type  of  plant. 

The  practice  of  having  one  or  more  fans  feeding  a  common 
duct  for  boilers  has  the  disadvantage  that  it' is  difficult  to  run  fans 
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in  parallel.  Fig.  11  shows  the  results  of  a  test  run  by  the  Navy 
engineers,  which  indicates  that  as  the  difference  in  the  speed  of 
two  fans  increases  there  is  a  very  rapid  falling  off  of  efficiency 
in  the  combined  unit.  For  instance,  if  one  fan  drops  in  speed 


Fig.  11.  Effect  of  Speed  on  Fan  Performance. 


from  900  to  875  r.p.m.,  the  other  fan  will  have  to  speed  up  to 
985,  and  the  combined  efficiency  of  the  two  units  will  drop  from 
53  per  cent,  to  41  per  cent.  Care  must  be  exercised  in  (the  selec¬ 
tion  of  fans  to  work  in  parallel  to  see  that  they  have  stable  char¬ 
acteristics.  The  foregoing  indicates  how  readily  the  slightly  higher 
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efficiency  of  the  larger  fan  may  be  lost.  In  addition,  it  is  a  much 
easier  operating  proposition  to  regulate  the  motor  speed  than  to 
adjust  one  large  damper  or  a  number  of  small  ones. 

The  rotary  screens  should  be  high  enough  so  that  the  screens 
can  be  operated  to  advantage  at  flood  level,  as  it  is  especially  at 
such  times  that  screens  are  of  the  most  importance. 

Mr.  Clarke’s  remarks  on  the  simplification  of  piping  are 
very  appropriate.  An  extensive  duplication  of  piping  should  not 
be  necessary  and  such  lay-outs  have  not  been  included  in  the  more 
recently  designed  stations. 

The  electrically  operated  gate-valve  has  many  advantages, 
but,  until  such  a  valve  can  be  closed  against  the  full  pressure  of 
steam  on  one  side  and  opened  to  atmosphere  on  the  other,  the 
electrical  operation  fails  in  one  of  the  principal  points  in  which 
it  should  be  an  advantage.  Certain  tests  will  shortly  be  made  on  the 
electrically  operated  valve,  which  will  help  to  throw  light  on  this 
subject.  It  is  probable  that  major  modifications  will  be  needed  in 
the  present  gate-valves,  or  that  a  new  type  of  valve  such  as  the 
globe-valve  or  the  needle-valve  will  have  to  be  adopted,  before 
the  valves  can  be  closed  following  a  rupture  in  the  main  steam 
line.  The  main  advantage  of  the  electrically  operated  valve  is 
this  emergency  operation  and,  unless  it  can  be  closed  after  a 
rupture  in  the  pipe,  the  value  of  the  electrical  operation  is  greatly 
reduced. 

In  laying  out  power-stations  particular  attention  should  be 
given  to  the  ease  with  which  the  various  auxiliaries  can  be  re¬ 
paired.  Where  possible,  facilities  for  handling  the  heavier  parts 
by  cranes  or  trolleys  should  be  provided.  In  many  of  the  more 
recent  turbine  rooms  the  platform  around  the  turbine  is  com¬ 
paratively  small,  and  large  light  wells  are  left  in  the  tloor,  thus 
giving  access  to  the  circulating  and  air  pumps  and  in  addition 
giving  much  better  light  and  ventilation  to  the  turbine  room 
basement. 

The  direct-connected  exciter  with  a  third  bearing  on  the  in¬ 
side  end  being  coupled  to  the  generator  shaft  is  a  source  of 
trouble.  If  the  exciter  is  to  be  direct  connected,  it  should  be 
placed  directly  upon  an  extension  to  the  shaft  of  the  main  gen¬ 
erator,  so  that  in  case  it  is  not  working  electrically  there  will  be 
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no  mechanical  reason  for  not  operating  it  until  such  time  as  it 
is  convenient  to  shut  down  the  main  unit. 

Experience  with  small  turbines  under  high  steam  pressures 
and  temperatures  has  not  been  entirely  satisfactory,  and  the 
writer  would  favor  the  elmination  of  these  as  far  as  possible. 

Regarding  the  preparation  of  water  for  the  boilers,  the  plant 
operated  by  motor-driven  auxiliaries  has  an  extremely  low  per¬ 
centage  of  make-up,  and  evaporated  water  can  be  provided  with¬ 
out  excessive  cost.  In  low-pressure  evaporators  operated  at  low- 
temperature.  the  loss  by  blow  down  is  slight  and  so  can  be  made 
a  comparatively  large  percentage.  Experience  with  low-pressure 
evaporators  operated  as  single  effects  between  atmospheric  pres¬ 
sure  and  a  vacuum  of  15  to  23  inches,  indicate  that  they  need  not 
be  opened  for  inspection  more  than  once  in  eight  or  nine  months, 
and  that  only,  very  light  scale  will  be  found  on  them;  and  this, 
the  manufacturer  claims  can  be  removed  by  proper  cracking  be¬ 
fore  the  w-a-ter  is  drawn  off  the  evaporators  and  the  scale  ex¬ 
posed  to  the  action  of  the  air. 

Condenser  leakage  cannot,  of  course,  be  treated  by  eva¬ 
porators.  Although  it  is  possible  to  take  care  of  this  by  over¬ 
treatment  of  the  water-softening  plant,  it  is  best  taken  care  of 
by  an  analysis  of  the  condensate  and  the  water  in  the  boilers,  and 
the  addition  of  the  necessary  lime  and  soda-ash  to  the  heaters. 
An  inexpensive  arrangement  can  be  obtained  for  feeding  in  the 
comparatively  small  amount  of  chemical  required  for  this  pur¬ 
pose.  This  is  an  important  item.  Any  time  that  leakage  becomes 
large,  it  should  be  taken  care  of  immediately  for  each  unit,  as 
there  is  no  use  of  treating  the  water  supplied  all  units  to  take 
care  of  the  leaky  condenser  on  the  one  unit,  the  condensate  from 
which  will  not  be  delivered  to  the  boilers  of  the  other  units. 

Mr.  J.  B.  Crane:*  It  is  interesting  to  note  that  in  this  paper 
and  discussion,  very  little  attention  has  been  paid  to  the  turbine 
room,  but  it  has  been  practially  all  devoted  to  the  boiler  room,  and 
means  of  getting  the  steam  to  the  turbine ;  indicating  that  while 
the  former  has  become  fairly  well  standardized,  the  latter  is  still 
open  to  widely  varying  designs. 


♦Engineer,  George  T.  Ladd  Co..  Pittsburgh. 
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One  subject  not  touched  on  in  the  discussion  and  only  briefly 
mentioned  in  the  paper  was  the  question  of  type  of  boiler,  and 
this  was  briefly  dismissed  with  the  statement  that,  of  course,  bent- 
tube  boilers  were  not  considered  on  account  of  great  troubles 
with  cleaning  and  maintenance,  and  cast  headers  on  account  of 
high  pressure  and  superheat.  While  I  hold  no  brief  for  cast 
headers,  the  fact  that  other  engineers  have  chosen  them  and  that 
the  first  instance  of  a  failure  in  operation  is  yet  to  be  recorded 
would  indicate  that  they  are  at  least  worthy  of  consideration,  and 
to  make  the  first  statement  in  a  district  where  over  80  per  cent, 
of  the  boilers  are  of  bent-tube  design  (because  the  water  condi¬ 
tions  are  the  worst  in  the  United  States  and  the  bent-tube  boiler 
was  adopted  because  it  would  operate  longer  without  cleaning, 
respond  to  sudden  changes  in  load  more  rapidly  than  the  horizontal 
boiler,  and  could  be  cleaned  in  one-sixth  the  time  of  that  required 
for  the  horizontal  boiler)  would  indicate  that  the  same  reasons 
pievailed  for  picking  out  boilers  as  led  to  deciding  on  sizes  of 
steam  lines;  namely  that  the  question  of  time  was  the  essence  of 
the  contract  and  a  proper  time  was  not  available  for  detailed 
study  of  the  various  questions  involved. 

I  recently  called  on  an  engineer  who  was  planning  to  re¬ 
model  his  boiler  room,  and  install  500-horse-power  boilers.  He 
had  tried  underfeed  stokers  ten  years  ago,  but  had  been  unable 
to  make  them  work  and  so  had  built  special  air-blast  grate-bars 
and  was  using  forced  draft  and  hand  firing  with  very  good  re¬ 
sults.  He  would  not  consider  stokers.  In  other  words,  he  was 
depending  upon  judgment  instead  of  upon  a  careful  study  of 
modern  achievements  in  boiler  operation. 

It  is  true  of  public  utilities  that  most  of  them  have  had  dif¬ 
ficulty  in  securing  the  necessary  financing,  and,  when  the  money 
was  secured,  plans  for  power-houses  have  been  rushed  and  equip¬ 
ment  purchased  for  quick  delivery,  or  because  the  equipment 
companies  were  willing  to  wait  for  their  money  or  take  securities 
in  payment,  in  whole  or  in  part,  for  the  equipment.  Industrial 
power-plants,  on  the  other  hand,  are  the  result  of  careful  study 
and  in  many  cases  of  two  or  three  years’  careful  consideration  of 
the  various  points  involved.  Any  new  feature  that  offers  chances 
of  saving  is  given  consideration.  Powdered  fuel  will  get  its  big 
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start  in  the  steel  industry  because  building  one  power-house  with 
boilers  that  can  be  fired  with  waste-heat  gases,  coke,  different 
grades  of  coal,  etc.,  offers  such  opportunities  for  saving  in  initial 
and  operating  costs,  over  building  two  or  three  power-houses  as 
is  now  the  case.  The  big  public  utility  will  adopt  it  when  it  has 
become  standardized,  although  some  of  the  leading  engineers  in 
the  public  utility  field  are  now  assembling  data  on  by-product 
plants  to  be  operated  in  connection  with  large  power-houses. 

1  will  venture  to  say  that  there  are  several  features  in  con¬ 
nection  with  the  design  of  the  Colfax  station  that  will  be  changed 
when  extensions  are  made — even  by  the  present  engineers,  and 
if  other  engineers  were  called  in  they  would  find  just  as  many 
errors  in  design  as  the  author  is  finding  at  Buffalo. 

Mr.  John  A.  Hunter:*  I  have  listened  with  a  great  deal 
of  interest,  both  to  Mr.  Clarke  and  the  other  gentlemen  who 
have  presented  discussions.  Mr.  Clarke  has  prepared  a  very 
excellent  paper,  covering  in  a  general  way  all  the  essential  points 
entering  into  power-plant  design.  I  believe,  however,  the  paper 
would  have  been  of  more  interest  if  he  had  given  in  detail  his 
reasons  for  installing  or  not  installing  certain  equipment  in  the 
Colfax  station.  For  example,  he  states  that  the  installation  of 
economizers  is  not  justified.  This  may  be  true  in  large  power- 
plants  using  high  steam  pressures,  and  not  taking  advantage  of  the 
counter-flow  principle  of  economizers,  but  in  steel-mill  boiler 
houses,  where  lower  steam  pressures  prevail,  cast-iron  econo¬ 
mizers  using  the  counter-flow  principle  can  be  used  and  their 
installation  shows  a  very  good  return  on  the  investment. 

t  ‘ 

Mr.  F.  F.  Espenschied  :f  We  have  near  Pittsburgh  two 
large,  new  power  plants — one  the  Duquesne  Light  Company’s 
plant,  so  well  described  by  Mr.  Clarke,  and  the  other  the  West 
Penn  Company’s  plant,  touched  upon  by  Mr.  Bell.  These  two 
plants  are  of  comparable  size,  contain  the  latest  ideas  and  equip¬ 
ment  and  are  used  for  similar  service.  They  are  on  the  same 


*Steam  and  Sanitary  Engineer,  American  Sheet  &  Tin  Plate  Co.,  Pitts¬ 
burgh. 

t District  Representative,  Commercial  Truck  Company,  Pittsburgh 
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river  and  use  practically  the  same  fuel.  Each  designer  embodied 
his  own  ideas  as  to  steam  pressure,  superheat,  boiler  rating  and 
general  arrangement.  The  object  of  each  plant  is  to  make  cheaper 
power  and  it  would  be  very  interesting  to  know  the  actual  results 
ci  operation — that  is,  generating  costs,  capital  charges,  and  operat¬ 
ing  experience.  So  far,  we  have  heard  only  of  engineering  details 
and  I  would  like  to  know  the  final  result  of  all  this. 

Mr.  Robert  Lacy  :*  The  writer  understood  Mr.  Clarke  to  say 
that  the  only  boiler  for  power-station  work  was  one  having 
wrought-steel  headers.  In  this  connection  we  would  call  your 
attention  to  the  fact  that  the  “Springfield”  boiler  is  very  similar 
to  the  boilers  at  the  Colfax  and  Seward  stations  but  has  headers 
of  cast-steel.  The  headers  are  made  by  electric  smelting  and  are 
subjected  to  a  thorough  physical  test  before  being  used.  The 
anaylsis  of  the  steel  is  given  in  paragraph  85,  Medium  Classifica¬ 
tion,  Report  of  Boiler  Code  Committee,  American  Society  of 
Mechanical  Engineers. 

We  would  further  state  that  we  have  never  replaced  a  header ; 
also  that  these  headers  have  been  tested  to  a  hydraulic  pressure 
of  1100  pounds  per  square  inch  without  deformation. 

The  “Springfield”  design  of  boiler,  after  exhaustive  in- 

« 

vestigation  and  tests  by  the  engineers  for  the  United  Electric 
Light  &  Power  Company,  New  York,  was  officially  adopted  by 
them,  and  we  now  have  partially  erected  twelve  1800-horse-power 
boilers  at  their  Hell  Gate  station.  These  boilers  are  built  for  a 
working  pressure  of  300  pounds  per  square  inch  and  over  200 
degrees  F.  superheat.  These  boilers  represent  half  the  total  plant 
and  the  present  installation  is  about  twice  as  large  as  the  present 
installation  at  Colfax. 

Mr.  F.  J.  Crolius  :f  Mr.  Clarke  brings  up  the  question  of 
cost  of  pulverized  coal.  He  is  quite  right,  and  I  agree  with  him 
that  coal  cannot  be  dried,  pulverized,  distributed,  and  fired  under 
boilers  in  the  average  power-house  at  the  same  cost  as  that  of 

♦Sales  Representative,  Springfield  Boiler  Co.,  Pittsburgh. 

tSteam  Engineer,  Homestead  Works,  Carnegie  Steel  Co.,  M un¬ 
hall,  Pa. 
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operating  stokers  and  fans ;  but  his  comparison  assumes  the  pres¬ 
ent  highly  expensive,  complicated  systems  in  which  dried  coal 
and  finely  ground  coal  must  he  delivered  to  the  distributing 
system.  It  is  not  a  requirement  of  the  combustion  unit  that  coal 
be  finely  ground  or  dry;  it  is  the  limitation  of  the  distributing  sys¬ 
tem.  By  eliminating  the  distributing  system,  pulverized  coal  can  be 
delivered  to  boilers  at  a  cost  lower  than  that  of  stoker  and  fan 
operation,  and  the  installation  will  be  no  more  costly  than  stoker 
equipment. 

We  have  been  firing  undried,  coarsely  ground  coal  under  a 
number  of  boilers  for  a  year  and  a  half,  and  our  actual  pulver¬ 
izing  costs  have  been  less  than  the  forty  cents  a  ton  which  seems 
to  be  the  figure  accepted  as  charged  against  stoker  operation. 

I  am  merely  emphasizing  the  point  that  present  pulverizer 
installations  should  not  be  taken  as  a  criterion  of  costs  necessary 
to  the  complete  operation.  Coal  can  be  delivered  and  burned  in 
furnaces  as  cheaply  as,  or  more  cheaply  than,  the  complete  costs  of 
operating  stoker  and  fans,  all  factors  considered. 

Mr.  C.  W.  E.  Clarke  :  Mr.  Van  Deventer  regrets  that  I  have 
not  given  in  more  detail  the  processes  of  reasoning  or  computa¬ 
tion  which  led  to  the  solution  of  various  problems  outlined  in  the 
paper.  About  all  I  can  say  is  that  many  of  these  conclusions  are 
the  results  of  continuous  experience  in  this  line  of  work  and  I  am 
not  in  the  least  interested  in  a  minute  discussion  of  any  one 
particular  element  in  a  power  situation.  Results  speak  for  them¬ 
selves  and  when  one  produces  a  power-generating  plant  economi¬ 
cal  in  first  cost  and  both  economical  and  reliable  in  operation,  it 
is  immaterial  that  some  other  engineer  believes  some  minor  item 
could  have  been  done  in  a  cheaper  or  a  different  way.  The  solu¬ 
tion  of  the  entire  problem  of  converting  coal  into  kilowatts  is  the 
one  under  discussion,  not  the  solution  of  the  more  minor  details 
which  can  not  effectually  change  the  final  answer. 

Referring  to  Mr.  Van  Deventer’s  comments  on  the  height  of 
the  stack — that  is  fundamentally  controlled  by  the  draft  loss  in  the 
boiler  and  the  rating  at  which  you  wish  to  run.  Cutting  down  the 
stack  would  not  help  you  in  your  ability  to  run  half  that  load  or 
a  quarter  that  load.  You  might  have  a  stack  just  as  high  if  you 
had  a  boiler  that  showed  that  much  loss. 
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There  is  no  advantage  in  an  induced-draft  system  which  will 
operate  at  400  per  cent,  when  the  stoker  permits  of  only  300  per 
cent.  The  limiting  factor  at  Colfax  is  stoker  capacity,  not  stack 
capacity.  Has  he  ever  had  any  experience  in  the  construction 
and  operation  of  fans  which  will  operate  2082-fliorse-pofwer 
boilers  at  500  per  cent.?  Has  he  experienced  what  their  size 
would  be  and  what  would  be  encountered  in  running  them? 

Relative  to  the  question  of  velocity  in  the  steam  line,  if  we 
were  to  go  through  any  such  analyses  as  Mr.  Van  Deventer  sug¬ 
gests  for  a  development  the  size  of  Colfax,  which  was  to  be  run¬ 
ning  in  10  or  12  months,  the  steam  never  would  get  to  the  station. 
We  do  not  go  into  such  fine  calculations.  The  size  of  the  lines 
is  based  on  judgment  and  experience,  and  almost  on  judgment 
alone,  with  certain  limits  of  velocity  not  to  be  exceeded. 

Our  experience  as  to  economizers  might  answer  Mr.  Van 
Deventer’s  discussion  on  that  subject.  At  the  time  the  Colfax 
station  of  the  Duquesne  Light  Company  was  designed,  it  was 
found  that  to  equip  one  60,000-kilowatt  unit  with  economizers 
would  cost  $424,600 ;  the  net  operating  saving  due  to  the  installa¬ 
tion  was  $43,300  a  year;  the  cost  of  maintenance  was  $1000  a 
year;  for  fan  operation  and  attendants  $3300  a  year,  leaving  a 
net  saving  of  $33,000  a  year,  or  7.8  per  cent,  on  the  additional  in¬ 
vestment.  Money  for  this  plant  cost  close  to  15  per  cent.,  so  it 
can  well  be  seen  why  economizers  were  omitted.  The  above 
figures  are  based  on  coal  at  $3.50  a  ton  and  on  seven  boilers  16 
tubes  high,  each  containing  13,105  square  feet,  of  heating  surface. 
With  coal  at  a  cost  of  about  seven  dollars  a  ton,  economizers 
would  have  begun  to  make  a  financial  return  to  the  company. 

The  difficulty  with  most  figures  made  on  economizer  installa¬ 
tions  is  that  they  are  made  in  just  such  shape  as  Mr.  Van  De¬ 
venter  has  made  his.  Commenting  in  detail  on  his  Table  II,  I  be¬ 
lieve  that  if  proper  analysis  were  made  of  the  situation  included 
under  costs  which  accrue  when  economizers  are  installed  these 
results  will  not  be  very  different  from  those  quoted  above.  I 
would  like  to  call  his  attention  specifically  to  the  fact  that  he  has 
included  no  additional  cost  whatever  for  extra  feed  pump  capacity, 
piping,  smoke  flues,  and  covering — items  which  would  total  to 
much  more  than  the  additional  cost  which  he  shows  for  econo- 
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mizers  in  “Extra  cost  of  building'’.  The  item  of  $2000  for 
building  is  less  than  10  per  cent,  of  what  would  be  required  to 
take  care  of  the  situation  adequately. 

Replying  to  Mr.  Pendleton  on  economizers,  I  would  call 
attention  to  the  fact  that  he  is  talking  about  a  type  of  economizer 
of  which  there  are  but  two  in  service,  serving  about  700  horse¬ 
power  of  boiler  installations ;  one  in  Albany  and  one  in  Cleveland. 
1  understand  that  his  company  has  an  order  for  two  additional 
machines  for  the  Detroit  Edison  Company,  which  will  serve  a 
total  capacity  of  about  5000  horse-power  and  which  should  be 
running  some  time  about  the  latter  part  of  this  year.  Under 
these  conditions  I  think  that  it  is  not  necessary  to  comment  further, 
except  to  say  that  the  type  of  machine  he  is  describing  is  still  in 
the  experimental  stage  and  the  success  of  the  installation  must  rest 
in  this  case,  as  with  any  other  piece  of  apparatus  of  this  character, 
upon  the  returns  received  from  the  money  invested. 

I  might  add  a  little  more  light  on  this  economizer  situation. 
An  analysis  of  the  Colfax  plant,  taking. seven  economizer  schemes 
into  account — which  included  a  10-high  boiler  with  a  72  per  cent, 
economizer,  a  14-high  and  a  16-high  boiler  with  60  per  cent, 
economizer,  and  a  class  “W"  boiler  similar  to  that  used  in  De¬ 
troit  with  a  45  per  cent,  economizer — showed  that  the  first  plan 
would  earn  seven  per  cent,  on  the  money  invested  after  the  econo¬ 
mizer  was  taken  care  of.  That  was  based  on  coal  at  $3.50. 

The  proper  solution  of  the  economizer  problem  in  any  situa¬ 
tion,  be  it  a  steel-mill  plant  or  a  central-station  plant,  can  be 
settled  only  by  a  careful  consideration  of  the  economics  of  the 
situation.  There  are  no  doubt  many  industrial  situations  which 
warrant  the  use  of  economizers. 


Replying  to  Mr.  Lacy's  inquiry  as  to  my  statements  rela¬ 
tive  to  boilers  for  large  power-stations,  I  would  refer  him  to  the 
first  paragraph  under  the  heading  “Boilers”  on  page  117. 

Referring  to  Mr.  Crane's  comments  relative  to  bent-tube 
boilers  and  the  large  number  in  use  in  the  Pittsburgh  district,  he 
doubtless  would  be  interested  to  know  that  when  bids  were  re¬ 
ceived  on  boilers  for  the  Colfax  station,  six  different  boilers  were 
considered.  Among  those  were  three  different  types  and  two  of 
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those  were  bent-tube  types.  Straight-tube  boilers  were  decided 
upon  as  being  better  suited  to  the  situation. 

Mr.  Crane  might  lie  interested  in  the  following  statistics  tor 
the  Pittsburgh  district,  covering  only  the  state  of  Pennsylvania. 
One  large  manufacturer  reports  a  total  of  964,185  horse-power 
of  straight-tube  boilers  installed  as  against  38T,869  horse-power 
of  bent-tube  boilers. 


The  second  unit  is  now  going  ahead  at  Colfax  station.  When 
this  installation  is  finished  Mr.  Crane  will  have  the  opportunity 
to  see  that  practically  no  fundamental  changes  have  been  made 
in  this  installation  as  compared  with  the  first.  I  do  not  under¬ 
stand  Mr.  Crane's  reference  to  “errors"  which  he  is  finding  in  the 
installation  at  Buffalo. 

I  suggest  that  Mr.  Bell  be  given  an  opportunity  to  present  a 
detailed  paper  on  the  Springdale  station  of  the  West  Penn 
Power  Company.  It  should  surely  prove  interesting  to  the  Society. 
Mr.  Espenschied  says  it  is  comparable  in  size  and  cost  with  the 
Colfax  station.  I  do  not  believe  even  Mr.  Bell  will  agree  with  that. 
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POWDERED  COAL  AS  FUEL  IN  STEAM  PLANTS 


By  Henry  Kreisinger*  and  John  BlizardI 

It  is  now  definitely  established  by  experiment  that  a  higher 
thermal  efficiency  can  he  obtained  in  steam  plants  by  burning 
coal  in  powdered  form  than  by  burning  it  bv  any  other  method. 
It  can  be  said  also  that  in  many  steam  plants,  steam  can  he  made 
more  cheaply  with  powdered  coal  than  when  burning  coal  by  any 
other  method. 

The  reasons  for  the  high  thermal  efficiency  of  powdered  coal 
are  as  follows : 

1.  Very  nearly  complete  combustion  can  be  obtained  with 
slight  excess  of  air. 

2.  Variation  in  load  over  a  wide  range  can  he  readily  fol¬ 
lowed,  and  at  the  same  time  furnace  conditions  giving  high  effici¬ 
ency  can  be  maintained  continuously  and  easily. 

3.  No  coal  need  be  burned  on  banked  boilers  during  the 
low-load  periods. 

It  is  apparent  that  the  first  two  of  the  above  conditions  of 
high  efficiency  depend  entirely  on  proper  burner  and  furnace  de¬ 
sign  ;  in  other  words,  it  is  the  furnace  that  makes  high  efficiency 
possible.  No  matter  how  cheaply  or  how  easily  powdered  coal  is 
prepared,  if  the  coal  cannot  be  burned  efficiently,  the  plant  is  a 
failure.  For  this  reason  a  large  part  of  this  paper  is  devoted  to 
furnace  design. 

1.  Combustion.  Very  nearly  complete  combustion  with  low 
excess  of  air  is  the  first  requisite  of  high  thermal  efficiency. 
Numerous  tests  show  that  with  powdered  coal,  combustion  com¬ 
plete  within  one  per  cent,  can  be  obtained  with  20  per  cent,  excess 
air.  This  one  per  cent,  of  incomplete  combustion  includes  both 
the  gaseous  combustible  as  CO  in  the  flue-gases,  and  the  unburned 
carbon  in  the  ashes. 

♦Research  Engineer,  Combustion  Engineering  Corporation,  New 

York. 

fFuel  Engineer,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of 

Mines. 
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Table  I  gives  the  averages  of  the  principal  results 
of  three  groups  of  tests  made  at  the  Oneida  Street  station 
of  the  Milwaukee  Electric  Railway  and  Light  Company.  The 
first  vertical  column  given  the  averages  of  a  group  of  five  tests 
made  with  dried  coal ;  the  second  column  gives  the  averages  of 
three  tests  made  with  undried  coal ;  and  the  third  column  the 
averages  of  two  tests  made  with  coarse  coal.  Each  test  lasted 
24  hours.  The  tests  were  made  on  a  three-pass  Edge  Moor  boiler 
rated  at  408  boiler  horse-power,  and  equipped  with  a  “Lopulco” 
furnace  designed  by  the  Locomotive  Pulverized  Fuel  Company. 
The  furnace  is  shown  in  Fig.  1.  The  coils  near  the  bottom  con¬ 
stitute  an  experimental  water  screen  from  which  the  screen  shown 
in  Fig.  4  was  developed.  This  furnace  was  recently  rebuilt  on 
lines  similar  to  the  design  of  the  furnace  shown  in  Fig.  4. 

During  this  series  of  tests  a  thorough  study  was  made  of  the 
combustion  of  pulverized  coal  and  the  proper  design  of  furnaces 
for  burning  pulverized  coal.  Fig.  2  shows  a  group  of  isothermal 
lines  determined  by  measurements  with  platinum  thermo-couples. 
The  highest  temperature  is  shown  to  he  a  short  distance  above  the 
shelf,  where  the  combustion  is  most  intense,  due  to  violent  mix¬ 
ing  of  the  gases  and  the  particles  of  coal  caused  by  the  change  in 
the  direction  of  the  flow,  and  where  the  flame  thus  far  in  its  path 
from  the  burner  has  been  unable  to  radiate  a  large  proportion  of 
its  heat  to  either  the  cooling  coil  beneath  it  or  the  lower  row  of 
tubes  above  it. 

By  referring  to  items  12  and  13  in  Table  I  it  will  be  seen 
that  the  excess  of  air  averaged  21,  18,  and  22  per  cent.,  and  the 
incomplete  combustion  loss  averaged  0.8,  0.3,  and  0.8  per  cent,  for 
the  three  groups  of  tests.  The  overall  thermal  efficiency  of  the 
boiler  was  82.2,  80.8,  and  82.2  per  cent,  based  on  gross  heat  value 
of  the  coal,  and  85.3,  83.9,  and  85.3  per  cent,  based  on  net  heat 
value  of  the  coal. 

Fig.  3  shows  graphically  the  results  of  another  series  of  20 
tests  made  at  the  Lakeside  station  of  The  Milwaukee  Electric 
Railway  and  Light  Company.  All  of  these  tests  were  made  on 
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TABLE  I.  SUMMARY  OF  RESULTS  OF  THREE  GROUPS  OF  TESTS 

WITH  POWDERED  COAL 


1. 

Condition  of  coal . 

Dried 

Undried 

Coarse 

2. 

Number  of  tests  averaged . 

5 

3 

2 

3. 

Average  duration  of  tests,  hours . 

23.26 

21.16 

24.38 

4. 

Moisture  in  coal  as  burned,  per  cent.  . . . 

2.75 

-  05 

3.53 

5. 

Coal  through  200-mesh,  per  cent . 

71  .3 

70.8 

64  7 

6. 

Coal  through  100-mesh,  per  cent . 

94.72 

04  .90 

89.7 

7. 

Rating,  per  cent . 

117.0 

112.8 

113.4 

8. 

Carbon  dioxid,  per  cent,  bv  volume  .... 

15.1 

15  .6 

14.85 

9. 

Oxygen,  per  cent,  by  volume . 

3.5 

3.2 

3  .85 

10. 

Carbon  monoxid,  per  cent,  bv  volume  . . 

0.02 

0.0 

0  .05 

11. 

Temperature  of  flue-gases,  degrees  F.. .  . 

481 

488 

478 

12. 

Per  cent,  of  excess  air . 

21 

18 

22 

13. 

Incomplete  combustion  loss,  per  cent.  .  . 

0.8 

0.3 

0.8 

14. 

Boiler  efficiency  based  on  gross  calorific 
value  of  coal,  per  cent . 

82.2 

80.8 

82.2 

15. 

Boiler  efficiency  based  on  net  calorific 
value  of  coal,  per  cent . 

85  .3 

83  .9 

oo 

Cm 
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the  same  four-pass  Edge  Moor  boiler  rated  at  1338  boiler  horse¬ 
power  (shown  in  Fig.  4)  and  were  of  24  hours  duration.  The 
results  are  plotted  on  the  percentage  of  rating  as  abscissie.  When 
two  or  more  tests  were  made  at  nearly  the  same  rating,  the  results 
were  averaged  and  the  averages  were  used  in  the  plotting-  This 


series  of  tests  covers  a  range  of  from  135  to  255  per  cent,  of  the 
boiler’s  rated  capacity.  The  highest  efficiency  was  obtained  at 
about  150  per  cent,  of  rated  capacity.  Even  when  the  rating  was 
increased  to  255  per  cent,  an  efficiency  of  82  per  cent,  was  still 
obtained.  This  efficiency,  shown  by  the  lowest  efficiency  curve 
in  Fig.  3,  is  based  on  the  gross  calorific  value.  The  curve  above 
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it  shows  the  efficiency  based  on  the  net  calorific  value,  and  is  seen 
to  be  about  3.5  per  cent,  higher.  The  curve  at  the  top  shows  the 
overall  thermal  efficiency  of  the  boiler  and  economizer  based  on 


Fig.  3.  Results  of  Tests  with  Powdered  Coal. 


the  net  calorific  value,  which  for  practically  all  the  tests  was  well 
over  90  per  cent. — a  very  high  efficiency. 

It  will  be  noted  on  the  two  curves  of  Tig.  3,  giving  the  excess 
air  and  the  incomplete  combustion,  that  on  this  series  of  tests  tne 
excess  air  was  as  low  as  10  per  cent.,  did  not  exceed  38  per  cent., 
and  averaged  21  per  cent.  The  incomplete  combustion  heat  loss 
did  not  exceed  1.4  per  cent.  It  is  plotted  on  the  same  scale  as  the 
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thermal  efficiency  and  is  shown  by  comparison  to  be  extremely 
small. 

Complete  combustion  with  low  excess  air  is  ordinarily  ac¬ 
companied  by  high  furnace  temperature,  and  high  furnace  tem¬ 
perature  destroys  the  furnace  lining,  and  causes  the  ash  to  fuse 
on  the  bottom  of  the  furnace,  whence  it  is  difficult  to  remove. 

We  have  then  the  following  chain  of  reasoning.  On  account 
of  the  cost  of  preparation,  powdered  coal  must  be  burned  with 
high  efficiency  in  order  to  compete  successfully  with  other  methods 
of  burning  coal.  High  efficiency  is  obtained  by  burning  the  coal 
completely  with  low  excess  of  air.  Low  excess  of  air  causes 
high  furnace  temperature  which  in  turn  is  destructive  to  the 
furnace  lining  and  makes  removal  of  refuse  difficult.  Therefore, 
the  success  of  pulverized  coal  under  steam  boilers  depends  on 
the  solution  of  these  two  problems : 

a.  Prevention  of  the  destruction  of  the  furnace  lining. 

b.  Easy  removal  of  ash  from  the  furnace. 

•/ 

The  ash  of  most  steam  coal  fuses  and  runs  like  molten  iron 
at  a  temperature  of  2300  to  2400  degrees  F.  When  the  tem¬ 
perature  of  the  furnace  lining  exceeds  that  of  the  molten  ash, 
the  slag  penetrates  into  the  brick  and  washes  it  away;  but  if  the 
temperature  of  the  furnace  lining  be  kept  below  that  of  the 
running  ash,  the  slag  on  falling  on  the  surface  of  the  furnace 
Idling  is  cooled  to  the  temperature  of  the  lining  and  becomes 
very  viscous  paste.  In  this  viscous  state  the  ash  does  not  pene¬ 
trate  into  the  brick  and  does  not  wash  it  away,  but  forms  a  soft 
protective  coating.  To  prevent  this  erosion  of  brickwork  by  slag, 
therefore,  the  furnace  lining  must  be  kept  below  the  temperature 
of  running  ash. 

If  the  ash  is  to  be  removed  easily  from  the  furnace,  the  fall¬ 
ing  particles  of  the  molten  ash  must  be  cooled  and  solidified  be¬ 
fore  they  reach  the  bottom  of  the  furnace,  and  the  bottom  itself 
must  be  kept  below  the  temperature  at  which  the  ash  is  sticky. 
Under  such  conditions  the  ash  deposited  is  in  granular  form  and 
can  be  removed  easily. 

Fig.  4,  which  shows  a  furnace  designed  to  operate  on  these 
principles,  is  the  furnace  of  the  Lakeside  plant  of  The  Milwaukee 
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Fig.  4.  Side  Elevation  of  Boiler  Equipped  for  Tests  with  Powdered  Coal 
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Electric  Railway  and  Light  Company,  and  the  one  on  which  the 
.tests,  the  results  of  which  are  shown  in  Fig.  3,  were  made.  The 
furnace  has  a  water  screen  connected  to  the  boiler,  and  hollow 
walls  for  supplying  65  per  cent,  of  the  air  used  in  combustion.  Its 
design  was  developed  co-operatively  by  the  Research  Depart¬ 
ment  of  the  Combustion  Engineering  Corporation,  the  Engineer¬ 
ing  Staff  of  Idle  Milwaukee  Electric  Railway  and  Light  Company, 
and  the  United  States  Bureau  of  Mines. 

The  furnace  lining  is  nine  inches  thick  and  is  separated  from 
the  outside  walls  by  air  spaces  nine  inches  wide.  About  Go  per 
cent,  of  the  air  needed  for  combustion  passes  through  these  air 
spaces,  absorbs  heat  from  the  furnace  lining  and  thus  keeps  it 
below  the  temperature  of  the  running  slag.  The  air  enters  through 
the  openings  in  the  rear  wall  of  the  furnace,  passes  through  the 
air  channels  in  the  two  side  walls,  meets  in  the  passages  of  the 
front  wall,  and  enters  the  furnace  through  air  openings  in  the 
front  wall.  The  air  takes  the  heat  out  of  the  furnace  lining,  where 
it  is  not  wanted,  and  puts  it  into  the  combustion  space  where  it 
is  wanted.  While  passing  through  the  hollow  walls  the  air  is 
heated  to  an  average  temperature  of  about  450  degrees  F.,  and 
thus  keeps  the  temperature  of  the  furnace  lining  below  that  of 
the  running  slag  and  prevents  the  erosion  of  the  brick. 

In  addition  to  the  benefits  derived  by  cooling  the  furnace 
lining,  the  passage  of  air  through  the  hollow  walls  greatly  re¬ 
duces  the  radiation  losses  by  maintaining  the  outside  surface  of 
the  furnace  walls  at  a  temperature  not  more  than  15  degrees  F. 
above  the  temperature  of  the  surrounding  air. 

The  bottom  of  the  furnace  is  kept  cool  by  means  of  a  water 
screen  placed  about  three  feet  above  the  bottom.  This  screen 
consists  of  two  rows  of  four-inch  tubes  rolled  into  a  common 
header  in  front.  In  the  rear  each  row  of  tubes  connects  to  a 
separate  header  placed  at  such  an  elevation  that  while  both  rows 
are  inclined  relatively  to  each  other,  each  row  is  inclined  to  the 
horizontal  at  the  same  angle  as  the  tubes  in  the  boiler  are  in¬ 
clined.  This  slope  gives  the  water  in  the  tubes  a  positive  circula¬ 
tion.  Water  comes  down  from  the  rear  water-leg  of  the  boiler 
into  the  lower  row  of  tubes,  passes  through  it  to  the  front  header 
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of  the  screen,  then  enters  the  upper  row  of  tubes  and  passes 
through  into  the  upper  header  in  the  rear  of  the  furnace.  From 
this  header  the  water  and  steam  rise  into  the  boiler  tubes  over 
the  fire  and  enter  the  front  water-leg  of  the  boiler. 

The  water  screen  absorbs  heat  at  the  rate  of  40,000  to  50,000 
B.t.u.  per  square  foot  of  heating  surface  per  hour.  In  other 
words,  it  develops  one  boiler  horse-power  on  less  than  a  square 
foot  of  heating  surface.  The  screens  at  the  Lakeside  plant  have 
an  effective  heating  surface  of  500  square  feet,  and  develop  about 
400  boiler  horse-power. 

The  effect  of  the  screen  in  the  furnace  is  threefold: 

a.  It  absorbs  from  the  flames  by  radiation  an  amount  of 
heat  equivalent  to  about  400  boiler  horse-power,  and  therefor1 
makes  the  furnace  temperature  considerably  lower  and  helps  to 
keep  the  temperature  of  the  furnace  lining  below  that  of  the 
running  slag. 

ib.  It  cools  and  freezes  the  particles  of  the  molten  ash,  as 
they  fall  through  it  to  the  bottom  of  the  furnace,  so  that  they  are 
deposited  in  granular  form. 

c.  It  partly  screens  the  bottom  of  the  furnace  from  radia¬ 
tion  from  the  flames,  and  also  absorbs  some  heat  from  the  bottom 
by  radiation,  thus  keeping  it  below  the  temperature  at  which  the 
ash  is  sticky.  Thus  it  is  possible  with  this  design  of  furnace  to 
maintain  continually  furnace  conditions  which  give  high  efficiency. 

Fig.  5  shows  the  latest  design  of  a  burner  for  burning  pulver¬ 
ized  coal.  This  type  of  burner  is  installed  in  the  Lakeside  and 
Oneida  Street  stations  of  The  Milwaukee  Electric  Railway  and 
Light  Company.  In  these  installations  about  15  per  cent,  of  the 
air  needed  for  combustion  is  supplied  with  the  coal  under  a  pres¬ 
sure  of  7  to  12  inches  of  water.  Ajbout  15  to  20  per  cent,  of 
the  air  is  supplied  through  the  burner  around  the  nozzle,  and  65 
to  70  per  cent,  through  the  hollow  walls. 

2.  Variation  in  Load.  With  powdered  coal  the  boiler 
operator  easily  controls  the  rate  of  combustion  and  air  supply, 
and  therefore  the  variation  in  the  load  over  a  wide  range  can 
be  easily  followed.  The  rate  of  combustion  is  directly  pro- 
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portional  to  the  speed  of  the  feeders  and  the  coal  burns  as  fast 
as  it  is  fed  to  the  furnace,  which  contains  less  than  10  pounds 
of  coal  at  any  one  time.  About  80  per  cent,  of  the  air  needed 
for  combustion  is  supplied  by  the  draft  in  the  furnace,  and 
the  quantity  required  is  controlled  simply  by  regulating  the  draft. 
Fig.  6  shows  graphically  how  nearly  constant  furnace  conditions 
can  be  maintained  with  a  variable  load.  The  diagrams  give  the 


principal  observations  on  a  nine-day  test  made  with  two  7  (38- 
horse-power  Stirling  boilers  burning  powdered  coal,  at  the  plant 
of  the  St.  Joseph  Lead  Company,  Rivermines,  Missouri;  and 
show  how  variations  in  load  can  easily  be  followed  with  good 
furnace  conditions.  The  tests  were  made  under  the  actual 
operating  load  conditions.  The  regulation  of  the  coal  .feed  and 
the  furnace  draft  was  handled  by  the  regular  plant  fireman. 


Fig.  6.  Uniformity  of  Furnace  Conditions  with  Variable  Load. 
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There  was  also  a  battery  of  Heine  boilers  equipped  with  chain- 
grate  stokers  in  this  plant.  These  stoker-fired  boilers  carried  a 
steady  load  while  the  two  Stirling  boilers  with  powdered  coal 
took  the  variation.  The  furnaces  of  the  Stirling  boilers  are  of 
somewhat  older  design  and  not  having  the  water  screen,  cannot 
be  operated  with  as  low  excess  air  as  the  furnace  shown  in  Fig. 
4;  nevertheless,  the  efficiency  was  good.  Table  II  gives  the 
average  of  the  principal  results  of  the  entire  tests.  The  effici¬ 
ency  is  expressed  in  two  ways,  one  based  on  the  high  or  gross  heat 
value  of  the  coal  and  the  other  on  the  low  or  net  heat  value.  The 
efficiency  of  this  test  is  the  ratio  of  the  heat  absorbed  by  the 
boiler,  divided  by  the  heat  in  the  coal  delivered  to  the  feeders. 


TABLE  II.  SUMMARY  OF  RESULTS  OF  NINE-DAY  TEST  WITH 

POWDERED  COAL 

First  5  days  Last  4  days 
of  test  of  test 


1 .  Condition  of  coal .  Dried  LTndried 

2 .  Average  rating,  per  cent .  155  156 

3 .  Temperature  of  flue-gases,  degrees  F .  562  567 

4 .  Temperature  of  superheated  steam,  degrees  F.  535  538 

5  .  Per  cent,  of  carbon  dioxid  in  flue-gases .  13. 7  13.6 

6 .  Per  cent,  of  excess  air .  32  32 

7  .  Incomplete  combustion  loss,  per  cent .  1.0  1.3 

8 .  Boiler  efficiency  based  on  gross  calorific  value 

of  coal,  per  cent .  78.8  78.7 

9  .  Boiler  efficiency  based  on  net  calorific  value 

of  coal,  per  cent .  81.9  81.8 


3.  Banked  Boilers.  Powdered  coal  ignites  with  the  same  ease 
as  gas,  and  fires  under  a  banked  boiler  can  be  started  and  the 
boiler  brought  up  to  full  operating  conditions  usually  in  less  than 
20  minutes,  which  makes  it  unnecessary  to  burn  any  coal  while 
boilers  are  banked ;  thus  powdered  coal  offers  a  possibility  of  con¬ 
siderable  saving  in  plants  where  boilers  have  to  be  kept  in  a  banked 
condition  over  long  periods. 

In  the  present  state  of  the  art  of  preparation  of  pulverized 
coal,  the  power  required  to  pulverize  coal  is  about  14.5  kilowatt- 
hours  per  ton  when  the  coal  is  dried.  This  figure  includes  the 
power  used  to  convey  the  coal  from  the  pulverizing  mill  to  the 
feeder  bins.  When  the  coal  is  dried  in  a  drier,  the  power  required 
to  operate  the  drier  is  about  1.7  kilowatt-hours  per  ton.  In  addi¬ 
tion  to  this,  about  1.25  per  cent,  of  the  coal  dried  is  burned  to 
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heat  the  drier.  If  the  coal  does  not  contain  too  much  surface 
moisture,  it  can  be  successfully  pulverized  without  previously 
being  dried,  and  the  power  required  to  pulverize  the  coal  is  about 
equal  to  the  total  power  needed  to  operate  the  drier  and 
the  pulverizing  mill  with  dried  coal,  or  about  1(1.2  kilowatt-hours 
per  ton,  but  the  coal  that  would  be  used  in  the  drying  process  is 
saved. 

In  the  past  there  has  been  a  tendency  to  emphasize  the  neces¬ 
sity  of  drying  the  coal  to  a  very  low  percentage  of  moisture  and  of 
pulverizing  it  very  finely.  This  necessity  has  been  largely  due  to 
*  improper  furnace  and  burner  design  and  the  inability  of  such  fur¬ 
naces  to  burn  undried  and  coarsely  pulverized  coal.  Recently, 
however,  with  some  coals  the  process  of  drying  is  being  elimina¬ 
ted,  and  the  coal  is  not  pulverized  so  finely  as  was  thought  neces¬ 
sary  in  the  past.  This  tendency,  which  has  been  made  possible  by 
better  furnace  and  burner  design  is  reducing  the  cost  of  prepara¬ 
tion  of  powdered  coal.  In  this  connection,  attention  is  again  called 
to  the  results  of  tests  given  in  Table  I.  The  second  vertical  col¬ 
umn  gives  the  average  of  three  tests  made  with  undried  coal,  and 
the  third  column  the  average  of  the  results  of  the  two  tests  with 
coarse  coal.  These  two  groups  of  tests  show  that  complete  com¬ 
bustion  was  obtained  with  as  low  excess  air  with  the  coarse  coal 
and  the  undried  coal,  as  with  the  dried  and  more  finely  pulverized 
coal  of  the  first  group  of  tests. 

It  is  the  belief  of  the  authors  of  this  paper  that  the  near  future 
will  see  a  greater  reduction  in  the  cost  of  preparation,  due  both  to 
the  improvement  in  pulverizing  machinery  and  the  ability  of  fur¬ 
naces  to  burn  coarse  and  undried  coal.  The  reduction  in  the  cost 
of  preparation  will  stimulate  the  use  of  powdered  coal. 


It  may  be  pointed  out  in  conclusion  that  the  higher  the  price 
paid  for  coal  and  the  lower  the  cost  of  electricity,  the  greater  are 
the  advantages  to  be  derived  from  pulverizing  coal  before  burning 
it.  Pulp  and  paper  manufacturers,  situated  as  they  commonly 
are,  far  from  coal-mines  and  near  to  water-power,  may  therefore 
hope  to  derive  more  benefit  from  burning  powdered  coal  than  will 
those  who  generate  steam  with  cheaper  coal,  but  whose  electric 
power  for  preparing  the  coal  costs  considerably  more. 


DISCUSSION 


v 

Mr.  J.  C.  Hobbs,  Chairman  :*  Mr.  Kreisinger  has  covered 
a  lot  of  ground,  (but  it  would  he  impossible  to  cover  such  a  subject 
completely  in  so  short  a  time,  so  there  must  be  some  questions 
which  you  wish  to  ask.  L  wd1  start  by  asking  Mr.  Kreisinger  if 
the  St.  Joseph  Company  te  were  not  made  without  a  water 
screen,  and  if  this  was  not  n  part  responsible  for  the  lower  effi¬ 
ciency  than  that  obtained  at  Milwaukee. 

Mr.  Henry  Kreisinger:  The  last  tests  were  made  without 
water  screen  and  for  that  reason  the  C02  was  rather  low. 

Mr.  L.  W.  Marso  :f  Refer  in  ,,  to  the  first  side  in  which 
the  speaker  showed  a  series  of  te.  .s,  as  I  remember  it  the  moisture 
in  the  first  one  was  2. id  per  cent.,  in  the  second  about  eight 
per  cent,  and  in  the  third  about  three  per  cent.  I  have  seen 
some  data  obtained  at  the  Ford  Motor  Company’s  plant  where 
they  are  operating  without  driers  and,  as  I  understand  it,  they 
find  that  up  to  three  per  cent,  moisture,  or  about  one  per  cent, 
contained  and  two  per  cent,  surface  moisture,  the  loss  of  energy 
is  comparatively  small — between  one  and  three  kilowatts.  From 
three  to  five  per  cent,  however,  the  power  consumption  increases 
25  per  cent,  and  the  production  of  the  pulverizer  drops  off  con¬ 
siderably. 

In  the  second  slide,  he  showed  the  setting  of  a  boiler  furnace 
at  the  Oneida  Street  station  of  the  Milwaukee  Electric  Company. 
In  explaining  the  operation  of  a  setting  of  that  type  he  said 
that  about  15  per  cent,  of  the  air  came  in  the  burner  and  about 
85  per  cent,  was  supplied  through  the  openings  in  the  furnace 
walls.  In  connection  with  that  I  would  like  to  read  an  extract 
from  the  report  of  an  engineer  who  investigated  the  Milwaukee 
installation  a  couple  of  weeks  ago. 

“At  the  Oneida  Street  plant  the  operating  crew  on  a  month’s  run  ran 

♦Assistant  to  Superintendent  of  Power  Stations,  Puquesne  Eight 
Co.,  Pittsburgh. 
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the  boilers  at  a  fraction  over  80%  efficiency  with  an  average  of  15%  C  O,. 
The  settings  have  been  altered  so  that  the  combustion  air  is  preheated  by 
passage  through  ducts  in  side  walls  and  Ijottom  and  all  introducer!  with 
the  coal  except  that  induced  through  the  ash  pit  door.  The  openings  in 
front  wall  of  setting  have  been  permanently  closed.” 

I  would  like  to  know  if  that  report  is  correct,  and  if  these 
tests  were  run  before  or  after  the  al>ove  changes  were  made. 

Mr.  Henry  Kreisinger:  yst  is  the  question  of  moisture. 

It  is  unfortunate  that  we  call  ai.  ;the  water  that  is  in  the  coal, 
moisture.  It  might  he  more  convenient  to  call  “moisture,”  the 
part  of  water  that  is  in  the  coal  without  making  it  appear  wet ; 
and  “wetness,”  that  part  of  water  which  is  on  the  surface  and 
makes  the  coal  look  and  feel  wet.  It  is  the  surface  moisture 
or  the  wetness  that  causes  the  coal  to  stick  together  and  give 
trouble  in  conveying  and  feeding.  Eastern  coal  may  come  out  of 
the  mine  with  \/2  per  cent,  jjnoisture,  and,  if  another  2/2  per 
cent,  of  moisture  is  added  to  it,  the  coal  will  appear  wet  and  stick 
to  the  fingers  when  we  touch  it.  Such  coal  will  give  trouble 
although  it  contains  only  four  per  cent,  moisture.  Illinois 
coal  with  eight  per  cent,  moisture  may  appear  dry,  and  pul¬ 
verize  and  handle  easily,  so  when  we  know  just  the  percentage 
of  moisture,  without  knowing  other  characteristics  of  coal,  it 
is  difficult  to  tell  whether  or  not  the  coal  will  give  trouble  on 
account  of  the  moisture. 

As  to  the  second  question — that  at  the  Oneida  Street 
station  all  the  air  is  introduced  with  the  coal,  and  the  open¬ 
ings  in  the  front  wall  are  closed — I  would  say  that  if  the 
engineer  mentioned  could  have  gone  inside  of  the  furnace,  he 
would  have  seen  that  the  air  openings  in  the  inside  wall  were 
open.  The  air  passed  through  the  hollow  walls  and  entered 
the  furnace  through  the  openings  in  the  inner  wall.  Had  the 
openings  in  the  outside  wall  been  open,  the  air  would  have 
flowed  from  the  outside  directly  into  the  furnace  without 
flowing  through  the  hollow  walls.  This  is  the  reason  why  the 
openings  in  the  outside  wall  were  closed. 

The  tests  referred  to  in  this  paper  were  made  before  the 
furnaces  were  changed  to  hollow-wall  construction. 
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Mr.  J.  R.  Mason  :*  I  would  like  to  ask  what  is  the  real 
purpose  of  the  larger  furnace.  Last  Saturday  evening  some  of 
us  listened  to  a  number  of  combustion  experts,  and  the  gist 
of  all  the  talk  was  that  furnaces  were  made  higher  and  larger 
for  the  purpose  of  helping  to  complete  the  combustion.  From 
some  of  the  literature  printed  on  this  question  we  are  led  to 
believe  that,  if  the  proper  amount  of  air  is  allowed  to  penetrate 
the  combustible  gas,  combustion  occurs  immediately  and  if  a  fur¬ 
nace  is  made  longer  it  will  help  the  combustion  as  well  as  to 
make  it  higher.  Is  it  necessary  to  enlarge  the  furnace  to  take 
care  of  the  larger  amount  of  gas?  For  instance,  if  at  normal 
rating  you  would  use  2000  pounds  of  coal  per  hour  and  then  in¬ 
crease  to  5000  pounds  per  hour  or  250  per  cent,  rating,  would 
you  not  need  a  larger  furnace  for  that  purpose  as  well? 

Mr.  Henry  Kreisinger  :  The  real  purpose  of  the  large 
furnace  is  to  get  nearly  complete  combustion  with  low  excess  air. 
Powdered  coal  has  to  stay  in  the  combustion  space  for  about 
two  seconds  to  be  completely  burned.  It  burns  while  it  is  in  sus¬ 
pension  in  the  combustion  space,  and  in  order  to  keep  it  at  least 
two  seconds  in  the  furnace,  we  have  to  make  the  furnace  verv 
large.  The  experts  who  say  that  the  combustion  is  instantaneous 
if  the  gases  are  properly  mixed  with  the  air,  may  be  right  but  as  yet 
we  cannot  get  the  proper  mixture.  We  have  to  have  a  large 
furnace  until  we  find  out  how  to  burn  the  coal  in  a  small  one. 
The  coal  travels  through  the  furnace  at  a  high  speed  and  in 
order  to  keep  it  in  there  at  least  two  seconds,  we  have  to  make 
the  path  very  long.  If  we  were  to  reduce  the  space,  the  coal 
would  pass  out  of  the  furnace  before  being  completely  burned. 

We  are  probably  impressed  with  the  large  size  of  the  com¬ 
bustion  space  in  powdered  coal  furnaces,  because  we  are  accus¬ 
tomed  to  see  small  stoker  furnaces;  but  the  stoker  furnaces  are 
much  smaller  than  they  ought  to  be.  The  stoker  furnaces  that 
were  built  ten  years  ago  were  much  too  small.  The  boilers  were 
set  with  the  front  head  six  or  seven  feet  above  the  floor.  When 
the  stoker  man  came,  he  could  not  get  the  stoker  under  the  boiler 
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and  get  a  furnace  of  sufficient  combustion  space  to  get  good  re¬ 
sults.  In  modern  practice,  the  front  boiler  header  is  set  as  much 
as  18  feet  above  the  boiler-room  floor  for  stoker  furnaces.  That 
gives  a  furnace  nearly  as  big  as  the  furnace  designed  to  burn 
powdered  coal. 

Mr.  J.  R.  Mason  :  That  brings  up  to  me  the  question  of 
high  velocity  gas,  and  I  believe  Mr.  Kreisinger.  when  he  was  as¬ 
sociated  with  Mr.  Ray,  was  the  first  to  make  experiments  along 
that  line.  In  the  transfer  of  heat  there  are  three  elements  to  be 
considered.  First,  the  temperature  difference  between  the  gas 
and  water  side  of  the  heating  surface;  second,  the  amount  of 
heating  surface  exposed ;  third,  the  time  of  exposure.  To  my 
mind  there  as  a  limit  to  velocity.  I  do  not  believe  you  will  go 
very  far  before  you  reach  the  limit.  I  would  like  to  know  if  Mr. 
Kreisinger  has  anything  on  that  question  as  to  what  he  thinks  the 
limit  to  high  velocity  is,  or  any  idea  how  far  you  have  to  go  before 
you  interfere  with  the  other  laws  that  govern  the  transfer  of  heat. 

Mr.  Henry  Kreisinger:  The  furnace  should  be  designed 
large  enough  for  the  highest  rate  of  combustion  ;  that  is,  in  the 
case  mentioned  by  Mr.  Mason,  the  furnace  should  he  designed 
for  burning  5000  pounds  of  coal  per  hour.  Such  a  furnace 
would  burn  coal  at  the  rate  of  2000  pounds  per  hour  with  good 
efficiency.  Of  course,  the  air  supply  must  he  under  perfect  con¬ 
trol  so  that  the  right  amount  of  air  is  admitted  into  the  furnace 
for  any  desired  rate  of  combustion  between  the  two  limits.  At 
the  rate  of  combustion  of  2000  pounds  per  hour,  such  a  furnace 
could  be  operated  with  1G  per  cent,  of  C02  in  the  flue-gases. 
With  the  rate  of  combustion  increased  to  5000  pounds  of  coal  per 
hour,  the  furnace  could  be  operated  with  about  14  per  cent.  COr 

With  most  boilers,  the  rate  of  heat  transfer  is  almost  directly 
proportional  to  the  velocity  of  the  gases  passing  through  the 
boilers;  thus,  at  125  per  cent,  of  the  boiler  rating,  the  gases  leaving 
the  boiler  will  be  cooled  down  to  about  450  degrees  F.  When 
the  rating  is  increased  to  250  per  cent,  the  gases  will  leave  the 
boiler  at  a  temperature  of  about  525  degrees  F.  Thus,  while  the 
rate  of  heat  absorption  is  doubled,  the  efficiency  decreases  only 
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about  two  or  three  per  cent.  So  far,  we  have  next  reached  the 
limit  of  the  rate  of  heat  absorption  by  water-tube  boilers.  In 
the  past,  the  limiting  feature  was  the  size  of  the  furnace ;  or, 
rather,  the  inability  of  the  furnace  to  generate  heat  at  high  rates. 
There  are  many  boilers  now  being  operated  at  300  per  cent, 
rating  and  the  time  is  not  far  away  when  500  per  cent,  ratings 
will  not  be  anything  uncommon.  When  we  made  such  statements 
15  years  ago,  we  were  considered  impractical  dreamers. 

Mr.  A.  E.  Blake:*  What  is  your  opinion  as  to  the  utiliza¬ 
tion  of  fine  coke  or  fine  waste  coal  from  anthracite  in  such  a 
system  as  the  paper  describes? 

Mr.  Henry  Kreisinger:  I  do  not  know  much  about  burn¬ 
ing  anthracite  in  powdered  form.  I  understand  it  can  be  burned 
but  it  is  hard  on  the  pulverizing  mill. 

Mr.  A.  E.  Blake:  I  have  a  few  ideas  to  present  which 
1  hope  the  powdered  coal  enthusiasts  will  kindly  tolerate,  for  I 
believe  that  what  I  want  to  point  out  ought  to  have  mention  when¬ 
ever  the  use  of  bituminous  coal  is  under  discussion. 

I  think  the  failing  supply  of  cheap  natural  gas  has  been 
chiefly  responsible  for  the  onset  of  powdered  coal  as  a  fuel  for 
various  purposes,  and,  while  volumes  could  be  said  by  way  of  com¬ 
parison  of  these  two  fuels,  pro  and  con,  I  think  that  the  final 
outcome  will  see  powdered  coal  in  a  position  warranted  by  its 
merits  only;  but  the  rush  to  this  fuel  would  remind  one  of  the 
rush  which  always  occurs  to  install  any  promising  feature  for 
industrial  work. 

Beyond  all  doubt  powdered  coal  has  become  an  extremely 
satisfactory  boiler  fuel,  and  some  headway  is  also  being  made  in 
the  line  of  industrial  furnace  heating.  The  fact  that  the  source 
of  heat  supply  is  cheap,  however,  ought  not  to  be  mentioned  as 
a  reason  for  refusal  to  consider  proposals  for  increased  economy, 
or  for  substituting  other  means  for  securing  energy.  With  the 
exception  of  a  few  Government  experts  and  so-called  theorists, 
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there  seem  to  be  a  very  few  people  who  take  proper  thought 
of  natural  resources  and  their  conservation,  especially  in  relation 
to  the  coal  supply. 

Statistics  tell  us  that  in  1918,  48,000,000  tons  of  coal  were 
carbonized  in  bee-hive  ovens.  In  this  case  the  volatile  portion  of 
the  coal  is  utterly  wasted.  The  use  of  by-product  ovens  would 
have  saved  12,000,000  tons  of  this,  or  28  per  cent. 

In  the  utilization  of  bituminous  coal  for  power  purposes, 
one  of  its  chief  uses,  the  volatile  combustible  matter  serves  as  a 
fuel,  and  only  the  fixed  nitrogen  is  a  dead  loss.  It  is  rather 
comforting  to  find  that  such  subjects  as  these  are  being  considered 
in  various  connections  in  Congress,  and  I  think  you  will  all  be 
interested  in  the  following  quotation  from  the  Congressional 
Record  for  Feb.  25,  1920,  giving  some  remarks  which  were 
made  relative  to  the  tariff  by  the  late  Senator  P.  C.  Knox : 


“Why  was  Germany  in  the  position  that  her  chemists  have  achieved 
much  more  than  the  chemists  of  this  or  any  other  country?  The  simple 
fact  is  that  in  Germany  they  do  not  burn  their  coal ;  they  roast  it.  They 
make  coke  as  a  fuel,  and  they  utilize  their  by-products  for  their  chemical 
purposes,  and  especially  for  the  manufacture  of  dyes.  In  Germany  there 
is  not  a  single  bee-hive  oven.  A  bee-hive  oven  is  the  old  fashioned  oven  in 
which  the  coke  is  burned,  and  the  gases  and  the  smoke  escape  into  the 
atmosphere.  In  the  United  States  probably  not  more  than  half  of  the  coke 
that  is  manufactured  is  manufactured  in  the  by-product  oven  that  is  used 
exclusively  in  Germany.  I  would  amaze  you  if  I  were  to  read  to  you  the 
value  of  the  by-products  which  pass  off  from  these  bee-hive  ovens  in  the 
United  States  and  pass  up  the  smokestacks  of  the  factories,  where  the 
gases  and  the  other  by-products  are  not  utilized. 

I  have  here  a  table  taken  from  the  testimony  that  was  given  before 
the  committee,  which  shows  the  total  amount  absolutely  wasted  in  the  course 
of  a  year  to  be  in  value  $930,188,000.  It  is  given  by  States,  and  if  there 
is  any  Senator  who  is  curious  to  know  the  loss  in  his  own  State,  1  shall  be 
only  too  glad  to  read  it.  Referring  to  the  State  of  Utah,  for  instance,  the 
loss  there  is  $9,999,000.  It  runs  from  four  to  eight  and  ten  million  dollars 
in  the  various  States,  up  to  the  State  of  Pennsylvania,  where  the  loss  is 
$329,000,000  i>er  annum. 

Although  the  products  of  destructixe  distillation  vary  within  wide 
limits,  yet  the  following  table  may  serve  to  give  an  approximate  idea  of 
what  may  be  gotten  from  a  ton  of  soft  coal. 

From  1  ton  of  soft  coal  you  get  12.000  cubic  feet  of  gas;  liquor 
'washings),  ammonium  sulphate.  7  to  25  pounds;  tar,  120  pounds,  from 
which  when  redistilled  we  get  benzene,  10  to  20  pounds;  toluene.  3  pounds, 
xylene,  1  /2  pounds ;  phenol,  one-half  pound;  naphthalene,  three-eighths  of  a 
pound:  anthracene,  one-fourth  pound;  pitch,  80  pounds ;  and  coke,  1200 
to  1500  pounds. 

While  those  are  the  products  of  a  ton  of  coal,  and  there  are  only  8 
or  10  of  them  in  number,  yet  the  chemists  will  make  tens  of  thousands 
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of  articles  out  of  these  products  by  the  synthetic  process.  They  make  the 
explosives  that  kill,  and  they  make  the  medicines  that  cure.  *  *  *  * 

Mr.  President,  if  this  measure  were  a  project  to  invest  a  billion  dollars 
of  Government  money  for  the  purpose  of  building  up  an  industry  that 
would  save  a  billion  dollars  a  year  and  be  a  great  factor  in  our  prepared¬ 
ness  against  another  destructive  war,  I  would  favor  it;  but  it  is  not  that. 

The  gentlemen  who  propose  to  build  up  these  industries  propose  to  do  it 
at  their  own  expense,  and  all  that  they  ask  the  Government  of  the  United 
States  to  do  is  to  prevent  for  a  period  of  three  years  the  importation  into 
this  country  of  such  dyes  as  are  made  here  in  merchantable  quantities.  The 
proposition  is  reasonable.  It  has  nothing  to  do  with  the  tariff.  It  is  not 
a  question  of  tariff  legislation.  It  is  a  question  of  wise,  farseeing  prepared¬ 
ness  and  of  wise,  farseeing  economy.” 

It  seems  as  if  little  more  needs  to  be  said  to  convey  to  you 
my  line  of  thought,  hut  there  is  one  more  item  which  serves  to 
show  what  one  other  country  has  to  deal  with.  I 

In  Chemical  and  Metallurgical  Engineering  for  Nov.  24. 
1920,  page  1033,  there  is  an  article  which  describes  the  use  of 
low-grade  coal.  I  will  quote  a  little  from  it: 

“In  order  to  utilize  this  slack  and  mine  waste,  which  is  a  coking  fuel 
containing  42  to  45  per  cent  of  moderately  fusible  ash  and  18  to  20  per  cent 
of  volatile  matter,  the  Societe  des  Mines  de  Montrambert  has  had  recourse 
to  gasification,  dividing  the  operation  into  two  parts.  The  coal  is  first 
charged  into  coke  ovens,  the  byproducts  being  recuperated  and  the  waste 
heat  employed  for  steam  generation;  the  coke  thus  formed  is  next  utilized 
in  gas  producers  and  the  gas  produced  is  employed  in  two  internal  com¬ 
bustion  engines  for  generation  of  electrical  power. 

By  this  method  are  avoided  the  difficulties  resulting  from  a  direct 
treatment  in  producers  of  a  coking  coal,  rich  in  viscous  tar  and  which  pro¬ 
duces  continuously,  through  agglomeration,  compact  masses  of  clinker  in 
the  producer  and  gives  off  a  eas  whose  purification  is  extremely  difficult. 
These  low  grades  of  coal  can  be  handled  very  well  in  coke  ovens  and  the 
use  of  coke  in  the  producers  permits  an  exact  regulation  of  the  latter, 
making  it  possible  to  produce  a  gas  which  is  practically  constant  in  com¬ 
position  and  calorific  value. 

Since  this  gas  is  to  be  used  in  internal  combustion  engines  its  purifica¬ 
tion  is  necessary;  but  the  Societe  des  Mines  de  Montrambert  considers 
that  even  if  the  gas  were  destined  fpr  industrial  furnaces  or  boilers  it 
would  be  worth  while  in  most  cases  to  purify  it  to  a  certain  extent  and  to 
recover,  as  far  as  possible,  the  condensable  byproducts  and  the  sensible 
heat  carried  by  it. 

Its  installation  of  two  10-ft.  rotating  grate  producers  is  therefore  com¬ 
pleted  by  purifying  and  cooling  apparatus  which  insures  the  deposit  of  the 
dust  and  tar  contained  by  the  gas,  and  which  cools  and  so  dries  it,  pre¬ 
heating  the  air  blast  for  the  producers  at  the  same  time.  In  this  same  ap¬ 
paratus  the  hot  air  is  saturated  with  water  and  the  proportion  between  the 
weights  of  water  vapor  and  air  furnished  to  the  producer  is  easily  con¬ 
trolled  by  regulating  the  temperature  of  the  air. 

The  gas  after  its  passage  through  this  apparatus  is  discharged  by  an 
extractor  into  a  series  of  purifying  cases  and  finally  passes  to  a  holder 
from  which  it  is  drawn  by  the  suction  of  the  gas  engines. 

A  supplementary  installation  is  added  to  the  equipment  mentioned  above 
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for  the  recuperation  of  the  nitrogen  content  in  the  coke,  of  which  alwut 
70  per  cent  is  recovered  in  the  form  of  ammonia  salts.  The  further  re¬ 
covery  of  sulphur  compounds  and  other  products  is  being  studied. 

The  works  has  been  in  normal  operation  for  about  two  years,  furni>h- 
ing  a  monthly  production  of  200.000  kw.-hr.  which  is  utilized  by  the  Societe 
des  Mines  de  Montrambert  or  discharged  upon  the  system  of  the  local 
electric  company.  Its  operation  has  been  so  successful  that  the  Societe  de 
Montrambert  is  at  present  considering  the  construction  of  a  large  works 
comprising  coke  ovens  and  producers  capable  of  handling  all  the  low-grade 
coal  and  non-salable  waste  produced  by  its  various  mines.  It  was  as 

part  of  this  project  that  this  company  decided  in  1919  to  experiment  upon 

the  use  of  the  available  producer  gas  for  the  bring  of  boilers  in  order  to 
determine  whether  this  gas  was  suitable  under  practical  conditions  for 
such  an  application  and  also  to  find  out  what  efficiency  could  be  expected 
of  a  boiler  so  fired  and  whether  it  would  be  advantageous  to  provide 
batteries  of  boilers  supplying  turbo-generator  groups  instead  of  internal 
combustion  motors.” 

The  producer  gas  made  from  coke  having  45  per  cent,  ash, 

averaged  90  B.t.u.  per  cubic  foot,  and  its  utilization  for  steam 

raising  showed  an  efficiency  of  73  per  cent. 

In  view  of  the  pains  taken  abroad  with  fuels  which  we  would 
consider  waste  material,  and  which  form  many  of  the  burning 
mine  dumps  in  this  region,  I  would  argue  that  we  owe  it  to  our 
descendants  to  omit  no  reasonable  measures  to  prolong  the  life 
of  the  coal  supply,  at  least  whenever  means  can  be  found  to 
do  so,  on  the  basis  that  a  fair  return  on  the  investment  is  possible. 
This  French  company  is  practising  complete  gasification  with  by¬ 
product  recovery,  even  to  the  nth  power,  and  is  furnishing  an 
example  which  we  ought  not  to  fail  to  observe,  in  view  of  the 
wonderful  possibilities  which  exist  in  the  application  of  that 
practice  to  pur  fine  supply  of  bituminous  coal. 

Mr.  Joseph  Breslove  :*  Without  any  reflection  on  Mr. 
Kreisinger  I  may  be  able  to  answer  Mr.  Blake's  question  as  to 
experts.  “An  expert”  you  know  “is  just  an  ordinary  man  away 
Irom  home.” 

Anthracite  is  used  in  pulverized  form  under  boilers  at  the 
M.  A.  Hanna  plant  near  Easton,  Pa.  I  was  there  two  years  ago 
and  saw  them  burring  pulverized  anthracite  under  B.  &  \V. 
boilers,  using  a  nozzle  something  like  Mr.  Kreisinger  showed, 
only  wider,  the  sheet  of  pulverized  coal  coming  out  fan  shaped 
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and  like  a  sheet  of  paper.  The  great  difficulty  was  not  in  the  fur¬ 
nace  but  in  the  wear  and  tear  of  the  grinding  machinery. 

I  would  like  to  ask  a  few  questions  relating  to  the  Milwaukee 
plant.  What  is  the  height  of  the  stack  on  these  boilers?  How 
long  does  it  take  to  bring  up  a  cold  furnace  to  normal  rating,  and 
to  200  per  cent,  rating?  How  often  do  they  use  the  soot  blowers? 
What  percentage  of  ash  goes  up  the  stack  and  what  percentage 
remains  in  the  bottom  of  the  furnace?  In  that  particular  type 
of  furnace  there  is  an  air  space  between  the  outer  and  inner 
walls,  the  inner  wall  running  a  temperature  of  1500  or  2000 
degrees  F.  and  the  outer  one  possibly  100  degrees,  or  less.  How 
do  you  keep  that  outer  wall  from  cracking?  That  may  sound 
easy  but  we  have  experienced  some  difficulty  in  this  particular 
under  similar  conditions. 

It  may  be  interesting  for  you  to  knotv  that  we  are  just 
completing  a  pulverized  coal  plant  in  connection  with  a  470- 
horse-power  boiler  at  Herrs  Island.  An  investigation  of  pow¬ 
dered  coal  over  a  couple  of  years  leads  me  to  the  conclusion  that 
the  size  of  the  furnace  is  practically  determined  by  the  rating  you 
are  going  to  carry.  For  metallurgical  furnaces,  fine  grinding  is 
absolutely  essential  on  account  of  the  effect  on  the  product ;  but, 
under  boilers,  fine  grinding  is  not  so  essential,  the  fineness  vary¬ 
ing  inversely  with  the  size  of  the  furnace.  Apparently  Mr.  Kreis- 
inger’s  experiments  have  demonstrated  this  to  be  the  case. 

When  it  comes  to  drying  it  is  more  a  matter  of  distributing 
the  coal  than  burning  it.  The  coal,  when  ground  in  a  central 
plant  and  distributed  to  overhead  bins,  must  not  contain  too  much 
moisture  or  it  will  cake  in  the  feeders  and  not  flow  uniformly. 
In  order  to  obviate  the  necessity  of  using  a  cooling  medium  at 
the  bottom  of  the  furnace  at  Herrs  Island  there  is  a  drop  of  28 
feet  from  the  arch  to  the  floor.  A  lien  running  at  about  200  per 
cent,  rating  it  has  been  demonstrated  that  the  ash  will  deposit  on 
the  bottom  in  a  granular  form  and  without  slagging,  with  this 
depth  of  furnace. 

Mr.  Henry  Kreisinger  :  The  height  of  the  stacks  of  both 
plants  is  about  200  feet.  It  will  take  about  45  minutes  to  bring 
up  a  cold  furnace  and  boiler  to  200  per  cent,  rating.  As  to  the 
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ash,  about  25  per  cent,  is  deposited  at  the  bottom ;  about  20  per 
cent,  is  deposited  in  the  space  between  the  second  and  third  pass; 
about  15  to  20  per  cent,  may  be  deposited  in  the  economizer  cham¬ 
ber;  10  per  cent,  may  be  deposited  on  the  floor  of  the  main  flue; 
and  15  to  50  per  cent,  is  carried  out  the  stack.  It  all  depends  on 
how  long  the  passage  from  the  boiler  to  the  top  of  the  stack  is. 
The  ash  is  dropping  out  of  the  gases  the  whole  length  of  the  gas 
passage. 

As  to  the  cracking  of  the  wall,  it  may  be  said  that  at  the 
Milwaukee  plants  the  lining  is  entirely  separate  from  the  outer 
wall.  The  two  walls  are  connected  with  butt-joints  and  can  move 
entirely  independently  of  each  other. 

The  soot  blowers  are  operated  every  four  to  eight  hours.  It 
is  preferable  to  blow  the  flues  oftener  and  for  a  shorter  period. 
I  would  say  that  with  'the  revolving  soot  blowers,  30  seconds  to 
a  section  is  sufficient.  Often  steam  is  wasied  in  blowing  the  flues 
too  long.  After  the  first  30  seconds  of  blowing  there  is  very 
little  dust  left  in  the  flues  and  there  is  no  need  of  wasting  any 
more  steam.  The  dust  from  pulverized  coal  consists  of  small 
heads  which  are  spherical.  The  particles  of  ash  melt  going 
through  the  furnace,  and  the  surface  tension  of  the  liquid  con¬ 
verts  them  into  spheres.  When  these  spheres  go  through  the 
boiler,  they  are  cooled  and  frozen  to  solid  beads.  The  beads 
can  be  seen  very  plainly  through  a  microscope. 

As  to  obviating  the  necessity  of  using  a  cooling  medium  at 
the  bottom  of  the  furnace  by  making  a  deep  furnace,  that,  I  con¬ 
sider  a  delusion.  If  the  furnace  is  operated  at  high  ratings 
with  low  excess  air  for  a  long  time,  the  bottom  of  the  furnace 
will  get  hot  no  matter  how  deep  the  furnace  is.  If  the  ash  fuses 
at  a  low  temperature,  there  will  be  a  lake  of  slag  at  the  bottom 
of  -the  furnace. 

Mr.  H.  C.  Cronemeyer  :*  I  would  like  to  ask  as  to  the  length 
of  the  pass  of  the  powdered  coal  through  the  furnace.  In  the 
second  slide  I  noticed  the  burner  was  not  so  far  distant  from  the 
lower  bank  of  tubes ;  but  I  suppose  the  powered  coal  travels  to¬ 
wards  the  bottom  of  the  furnace  and  then  rises  again.  How  is 
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that  controlled?  I  presume  it  would  take  a  rather  nice  judg¬ 
ment  in  adjusting  the  draft  and  the  speed  of  the  coal  coming  into 
the  furnace ;  otherwise  there  would  be  a  short  swing  of  the 
powdered  coal  right  up  among  the  tubes.  How  is  that  con¬ 
trolled  ? 

Mr.  Henry  Kreisinger:  The  depth  to  which  the  flame  de¬ 
scends  into  the  furnace  depends  entirely  upon  the  pressure  of  air 
supplied  with  the  coal.  The  higher  the  air  pressure  at  the  feeders, 
the  lower  the  coal  descends  into  the  furnace.  At  the  Oneida 
Street  plant,  the  furnaces  are  12  feet  deep  below  the  arch.  The 
air  pressure  at  the  feeders  is  six  to  seven  inches  of  water,  and 
the  flame  descends  to  within  two  or  three  feet  of  the  bottom.  At 
the  Lakeside  station,  the  furnaces  are  22  feet  deep  below  the 
arch.  The  pressure  of  the  air  at  the  feeders  is  10  to  12  inches 
of  water  and  the  flame  descends  to  within  three  feet  of  the 
bottom.  In  other  words,  air  pressure  of  one  inch  of  water, 
forces  the  flame  down  about  1  j/2  feet.  The  adjustment  of  the 
depth  of  the  flame  is  comparatively  an  easy  matter. 

Mr.  F.  F.  Espenschied  :*  I  would  like  to  ask  what  is  the 
limit  of  rating  secured  in  these  furnaces  and  what  maximum 
rating  you  did  obtain ;  also,  are  you  troubled  with  clinker  forming 
on  the  lower  row  of  tubes,  such  as  so  frequently  occurs-  with 
the  stoker ;  also,  what  is  the  height  of  setting  necessary  for 
mixing  the  gases  and  burning  them?  I  believe  that  powdered 
coal  and  stokers  demand  die  same  conditions — namely,  sufficient 
time  and  space  for  proper  air  and  gas  mixing.  What  is  the 
pressure  drop  between  the  furnace  and  the  boiler  room?  There 
must  be  some  drop  through  those  preheating  ducts  you  mentioned, 
necessitating  additional  stack  draft  or  induced  draft. 

Mr.  Henry  Kreisinger:  The  limit  of  rating  on  these  types 
of  furnace  may  be  defined  as  the  maximum  weight  of  coal  that 
can  be  burned  per  hour  with  a  completeness  of  combustion  of  at 
least  98  per  cent,  and  about  30  per  cent,  excess  air.  If  the  com- 
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pleteness  of  combustion  is  less  than  98  per  cent.,  or  if  the  ex¬ 
cess  air  is  more  than  30  per  cent.,  the  results  are  too  close  to 
those  obtained  with  good  mechanical  stokers,  and  the  powdered 
coal  begins  to  lose  its  advantage  of  high  efficiency.  In  other  words, 
a  good  mechanical  stoker  leaves  a  certain  narrow  margin  of  high 
efficiency  within  which  the  powdered  coal  must  stay  in  order  to 
justify  the  cost  of  its  preparation. 

In  order  that  completeness  of  combustion  of  at  least  98 
per  cent,  with  an  excess  air  less  than  30  per  cent,  may  be  obtained, 
the  maximum  rate  of  combustion  of  powdered  coal  should  be 
limited  to  two  pounds  of  12,500  B.t.u.  coal  per  cubic  foot  of 
effective  combustion  space  per  hour ;  or,  making  this  statement 
independent  of  the  quality  of  the  coal,  the  maximum  rate  of 
heat  generation  is  about  25,000  B.t.u.  per  cubic  foot  of  combustion 
space  per  hour.  This  is  true  with  our  present  knowledge  of  the 
art  of  burning  powdered  coal.  Maybe  in  future  when  we  know 
more  about  this  art,  we  shall  be  able  to  increase  this  maximum 
rate  of  combustion,  but  at  present  we  have  to  adhere  to  what  we 
know.  It  is  frequently  pointed  out  that  in  locomotives  the  rate 
of  combustion  far  exceeds  the  above  limit,  but  with  hand-  and 
stoker-fired  locomotives,  10  to  20  per  cent,  of  the  coal  fired  leaves 
the  stack  in  the  form  of  cinders,  making  the  efficiency  of  com¬ 
bustion  as  low  as  80  per  cent.  This  low  efficiency  of  combus¬ 
tion  with  hand-  and  stoker-fired  locomotives  gives  the  powdered 
•  coal  a  much  wider  margin  to  work  on,  and  consequently  the  rate 
of  combustion  of  powdered  coal  can  be  much  higher  in  loco¬ 
motives  than  in  central-station  plants. 

The  coming  of  powdered  coal  has  stirred  the  stoker  furnace 
designer  to  a  greater  activity,  with  the  results  that  modern  stoker 
furnaces  are  much  better  designed  than  they  were  in  the  past. 
Some  of  the  latest  stoker  installations  have  as  large  furnaces  as 
are  used  in  the  powdered-coal  installations,  and,  for  this  reason, 
very  good  combustion  with  low  excess  air  is  obtained. 

The  powdered-coal  furnace  gives  trouble  from  slag  deposit 
on  the  lowest  row  of  boiler  tubes  when  the  rate  of  combustion 
is  too  high  and  the  excess  air  too  low.  We  know  that  this  slag 
trouble  is  particularly  bad  in  stoker  installations  with  very  low 
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setting;  that  is,  where  too  much  coal  is  burned  per  cubic  foot 
of  effective  combustion  space. 

The  pressure  drop  between  the  boiler  room  and  the  furnace 
is  0.05  to  0.25  of  an  inch  of  water  at  the  top  of  the  furnace,  and 
0.25  to  0.5  inch,  at  the  bottom  of  the  furnace.  The  furnace  is 
high  and  is  filled  with  gases  at  very  high  temperature  and,  there¬ 
fore,  there  is  a  considerable  stack  effect  in  the  furnace.  At  the 
top  of  the  first  pass  in  the  boiler  setting,  there  is  frequently  a 
slight  pressure. 

Reference  has  been  made  to  mixing  of  gases.  So  far  as  we 
know  at  present,  the  mixing  is  the  deciding  factor  in  the  rapidity 
of  combustion.  It  is  not  a  question  of  how  much  time  it  takes 
for  a  particle  of  carbon  and  oxygen  to  combine  after  they  have 
been  brought  together,  but  how  much  time  is  required  to  bring 
them  together.  Combustion  space  is  required  mainly  to  bring 
the  combustible  and  the  free  oxygen  top-ether.  When  the  two  are 
brought  together,  the  combination  is  almost  instantaneous.  Our 
efforts  in  future  will  be  directed  towards  bringing  the  com¬ 
bustible  and  the  oxygen  together  quickly.  That  does  not  mean, 
however,  that  the  problem  will  be  solved  by  supplying  all  the 
air  needed  for  combustion  with  the  powdered  coal.  Although 
the  particles  of  powdered  coal  are  very  small,  the  combustible 
in  them  is  very  concentrated  as  compared  with  the  concentration 
of  oxygen  in  the  air.  At  the  furnace  temperature,  the  volume 
of  air  required  for  the  complete  combustion  is  5000  to  8000 
times  as  large  as  the  coal  particles  themselves.  If  all  the  air 
were  supplied  with  the  coal,  time  would  be  required  to  bring  the 
oxygen  within  this  volume  to  the  surface  of  the  coal  particles, 
and  to  move  the  products  of  combustion  away  from  the  surface. 
Much  better  results  can  be  obtained  by  moving  the  coal  particles 
through  the  air  than  with  the  air.  By  bringing  the  coal  particles 
into  the  furnace  at  h  igh  velocity  in  one  direction  and  the  air 
at  low  velocity  in  another  direction,  the  particles  of  coal  are 
brought  quickly  in  contact  with  free  oxygen  and  the  products 
of  combustion  are  scrubbed  away  from  its  surface. 


Mr.  J.  C.  Hobbs,  Chairman  :  What  are  the  effects  of  baffle 
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arrangement  and  boiler  pass  design  on  the  tendency  to  slag  the 
lower  tubes? 

Mr.  Henry  Kreisinger:  The  larger  the  opening  into  the 
first  pass,  the  less  will  he  the  trouble  with  the  incrustation  on  the 
tubes  of  the  boiler ;  because  as  the  gases  carrying  the  small 
particles  of  coal  ash  enter  into  the  first  pass  they  have  larger 
space  to  go  through  and  they  move  more  slowly;  consequently, 
as  the  particles  approach  the  tubes  they  are  cooled  by  radiation 
below  the  sticky  point,  so  that  when  they  strike  the  surface  they 
do  not  adhere  to  it.  In  making  designs  for  a  boiler,  it  is  ad¬ 
visable  to  make  the  first  pass  as  large  as  possible  in  order  to 
reduce  the  velocity  of  the  gases  entering  the  first  pass. 

Mr.  C.  D.  Read:*  In  that  slide  showing  the  boiler  settings 
of  the  Oneida  Street  plant  there  seemed  to  be  a  row  of  hollow 
tile.  Does  that  materially  affect  the  efficiency  of  the  boiler  setting 
and  of  the  boiler? 

Mr.  Henry  Kreisinger:  The  hollow  tiles  were  put  in  some 
of  the  settings  at  the  Lakeside  plant  to  prevent  radiation  losses. 
The  air  space  in  the  tiles  was  made  part  of  the  system  of  air¬ 
cooled  walls.  Hie  tiles  are  no  longer  used  because  of  their 
mechanical  weakness. 

Mr.  J.  B.  Crane  :y  As  to  the  burning  of  anthracite  at  the 
M.  A.  Hanna  plant,  the  Lykens  coal  is  semi-anthracite,  con¬ 
taining  seven  per  cent,  volatile  matter,  while  ordinary  anthracite 
contains  four  to  six  per  cent.  In  the  Lykens  field  a  large  part 
of  the  coal  comes  out  in  finely  powdered  form,  for  which  there 
is  no  market.  They  have  a  stock  pile  of  1,500,000  to  2,000,000 
tons.  They  have  a  small  briquetting  plant  but  there  is  not 
enough  market  and  it  was  in  an  endeavor  to  make  a  market  for 
this  fuel  that  they  were  led  to  experiment  with  pulverizing  the 
coal  at  that  time.  The  lowest  volatile  coal  that  had  been  burned 
in  pulverized  form  up  to  that  time  contained  10  per  cent,  volatile. 

The  experiments  with  seven  per  cent,  volatile  coal  were  pretty 
successful.  They  then  brought  some  coal  from  the  culm  piles 
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in  the  larger  anthracite  field  and  ran  a  carload  through  the 
pulverizer,  and  that  worked  out  pretty  well — so  well  that  they 
built  a  4000-horse-power  plant  with  the  idea  of  using  the  anthracite 
from  the  culm  piles.  It  worked  fine  for  about  two  months  and 
then  the  pulverizers  commenced  to  go  bad.  They  tried  every 
kind  of  pulverizer  they  could  find.  They  put  in  a  10,000-kilowatt 
plant  in  the  Lykens  district,  using  the  semi-anthracite  coal,  and 
that  was  successful.  In  the  other  field  they  found  a  pulverizer 
that  could  grind  that  coal  and  they  have  been  operating  it  quite 
successfully  for  the  past  few  months. 

On  the  by-product  plant  for  using  bituminous  coal  I  had 
the  fortune  in  1918  to  work  on  plans  for  a  200,000-kilowatt 
central-station  and  it  was  estimated  that  we  could  put  in  a  by¬ 
product  plant  and,  at  the  prices  then  prevailing  for  by-products, 
we  could  sell  the  coke  and  other  by-products,  and  put  the  gas 
under  the  boiler,  and  pay  10  per  cent,  on  the  investment.  The 
thing  that  acted  against  it  was  the  fact  that  with  1200  men  to 
operate  the  by-product  plant,  in  case  of  labor  trouble  the  central- 
station  would  be  shut  down.  At  that  time  powdered  coal  had 
not  been  burned  successfully  under  any  large  boilers  and  we  were 
hesitant  about  using  it.  At  the  present  time  with  powdered  coal 
as  a  standnbv  in  case  of  a  strike,  or  when  there  was  no  market 
for  by-products  they  could  burn  the  coal  in  powdered  form. 
Last  year  Arthur  D.  Little  &  Company,  worked  out  such  a  plan 
for  a  central-station  near  one  of  the  large  cities  in  the  East  on  the 
basis  of  selling  gas  to  the  gas  company  and  burning  the  coke  under 
the  boilers,  and  they  showed  a  slight  saving  over  any  other  form 
of  operation  ;  but  nothing  has  been  done  about  it  up  to  the  present 
time. 

Such  estimates  made  at  this  time  may  be  very  far  from 
correct  as  the  supply  of  some  of  the  by-products  is  limited  and 
the  price  is  high,  but  with  the  installation  of  a  large  plant  using 
3000  to  4000  tons  of  coal  a  day,  the  supply  would  greatly  in¬ 
crease  and  the  price  would  drop,  and  in  many  cases  it  would  be 
necessary  to  work  up  a  market  for  these  by-products. 

A*  discussion  of  this  subject  is  now  available  in  an  advance 
copy  of  a  publication  of  the  National  Electric  Light  Association.* 
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Mr.  G.  C.  Emmons:*  Employing  Mr.  Kreisinger’s  figures, 
that  15  per  cent,  of  the  air  is  blown  into  the  furnace  and  the 
balance  of  85  per  cent,  of  the  air  for  combustion  is  induced  by 
the  furnace  draft;  if  we  consider  that  these  percentages  are 
obtained  when  the  boiler  is  being  driven  at  800  per  cent,  of  rating 
and  the  rating  is  then  reduced  to  100  per  cent,  and  the  furnace 
draft  restored  automatically  or  otherwise  to  the  same  value  that 
obtained  300  per  cent,  of  rating,  the  same  amount  of  air  will 
continue  to  be  induced.  If  the  primary  air  is  reduced  auto¬ 
matically  or  otherwise  to  one-third  of  the  quantity  blown  into 
the  furnace  at  300  per  cent,  of  rating,  the  total  air  entering  the 
furnace  will  be  270  per  cent,  of  what  it  should  be  for  100  per 
cent,  rating.  If  the  damper  is  not  actuated,  the  furnace  draft 
will  increase  and  the  total  air  entering  the  furnace  will  be  in 
excess  of  270  per  cent,  of  what  it  should  be  for  100  per  cent, 
rating. 

It  therefore  strikes  me  that  one  of  the  very  great  problems 
in  pulverized  coal  firing  for  boilers,  when  the  greater  part  of  the 
air  for  combustion  is  induced  by  the  furnace  draft,  is  dra?f 
regulation. 

Mr.  Henry  Kreisinger  :  The  flow  of  air  into  the  furnace 
is  controlled  by  the  draft.  When  the  furnace  operator  turns  on 
more  coal,  he  also  turns  on  more  draft  and  keeps  the  two 
together  just  as  it  is  done  in  a  stoker  plant.  When  more  steam  is 
needed,  the  stoker  is  speeded  up  and  the  draft  is  increased. 

Mr.  G.  C.  Emmons:  Is  it  automatic? 

Mr.  Henry  Kreisinger:  No,  but  it  can  he  made  automatic, 
and  there  is  a  chance  for  some  in  venter.  Powdered  coal  lends 
itself  to  regulation  better  than  any  other  method  of  burning  coal. 
In  the  last  chart,  I  showed  that  when  the  load  varied  from  100 
to  200  per  cent.,  the  amount  of  CCb  was  maintained  very  close 
to  14  per  cent.  That  was  the  fireman’s  job  and  he  was  supposed 
to  regulate  the  draft  and  the  feed. 


*Steam  and  ICfficiency  Kiigineer,  Republic  Iron  &  Steel  Co.,  Youngs¬ 
town,  O. 
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Mr.  H.  R.  Thayer:*  I  would  like  to  ask  if  the  speaker  can 
tell  us  what  is  the  relative  rating  of  'boilers  burning  ordinary 
coal  and  powdered  coal,  and  for  an  average  fuel  about  what  is 
the  cost  per  ton  to  prepare  the  coal  in  powdered  form. 

Mr.  Henry  Kreisinger:  The  rating  that  can  be  developed 
by  different  methods  of  burning  coal — stoker,  hand-fired,  or 
powdered  coal — depends  on  the  size  of  the  furnace.  The  larger 
the  furnace,  the  higher  the  rating  that  can  be  obtained  with  the 
boiler.  This  statement  holds  with  powdered  coal  as  well  as 
with  the  stoker-fired  furnace. 

Mr.  M.  F.  McConnell  :f  In  the  first  chart  shown  by  Mr. 
Kreisinger,  three  tests  were  shown  comparing  three  degrees  of 
fineness  of  the  powdered  coal.  I  note  that  there  is  practically  no 
difference  in  the  efficiency  over  a  range  of  fineness  between  73 
per  cent,  and  64  per  cent,  through  a  200-mesh  screen.  I  would 
like  to  know  if  any  tests  have  been  made  to  demonstrate  how  far 
we  could  go  in  the  direction  of  coarser  grinding  before  we  would 
seriously  affect  the  efficiency. 

Mr.  Henry  Kreisinger:  We  have  not  gone  far  enough 
with  our  investigations  to  determine  this  limit.  We  know  wc 
can  pulverize  the  coal  to  a  fineness  of  only  65  per  cent,  through 
a  200-mesh  screen  and  get  good  results.  Apparently,  from  85 
to  65  per  cent,  through  a  200-mesh  we  are  working  on  a  flat  curve. 
How  far  that  curve  is  a  flat  line  we  do  not  know.  That  is  still 
to  be  determined. 

Mr.  F.  J.  Crolius  4  Have  you  found  an  appreciable  reduc¬ 
tion  in  the  cost  of  pulverizing  coal  to  65  per  cent,  through  a  200- 
mesh  screen  as  compared  with  the  cost  of  pulverizing  to  85  per 
cent,  to  the  same  fineness ;  in  other  words,  how  much  per  ton 
is  saved  by  the  coarser  grinding? 

Mr.  Henry  Kreisinger:  Undoubtedly  we  can  increase 

*Markhart-Thayer  Engineering  Co..  Pittsburgh. 

^Superintendent,  Mingo  Works,  Carnegie  Steel  Co.,  Mingo  Junction,  O. 

$  Steam  Engineer,  Homestead  Works,  Carnegie  Steel  Co.,  Munhall,  Pa. 
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the  capacity  of  the  mill  if  we  grind  the  coal  coarser.  We  can 
grind  seven  tons  with  a  six-ton  mill  so  that  the  power  per  ton 
will  come  down  and  also  the  depreciation  on  the  mill  per  ton  is 
decreased. 

Mr.  J.  C.  Hobbs,  Chairman:  It  is  my  understanding  that 
the  U.  S.  Bureau  of  Mines  co-operated  with  the  Combustion 
Engineering  Company  on  this  work.  Mr.  Blizard  represented  the 
Bureau,  and  is  therefore  in  a  position  to  give  accurate  information. 

Mr.  John  Blizard:  There  is  nothing  that  I  can  add  to 
what  Mr.  Kreisinger  has  already  said. 

Mr.  J.  C.  Hobbs,  Chairman  :  Mr.  Paul,  have  you  anything 
to  add? 

Mr.  J.  W.  Paul:*  My  investigations  in  pulverized  coal  have 
been  made  in  connection  with  a  study  of  explosions  in  coal¬ 
mines,  and  the  results  obtained  do  not  have  any  direct  relation 
to  the  subject  matter  discussed  other  than  to  show  that  the  degree 
of  dryness  is  a  factor  in  the  ease  with  which  the  dust  may  he 
inflamed  when  blown  into  the  air;  and  that  the  propagation  of  the 
flame  is  influenced  by  the  total  inert  material  present  in  the 
form  of  moisture  and  ash. 

The  only  question  I  have  is  this — what  is  the  •  limitation 
in  the  ash  content  of  pulverized  bituminous  coal  for  use  in  fur¬ 
nace  work? 

Mr.  Henry  Kreisinger:  \  cannot  give  you  a  definite 
answer  to  that.  I  have  not  vet  been  able  to  establish  any  limits. 
T  don’t  know  whether  there  are  any. 

Mr.  J.  C.  Hobbs,  Chairman :  Are  there  any  other  ques¬ 
tions?  If  not,  we  will  close  the  discussion.  Mr.  Kreisinger,  on 
behalf  of  the  Society  I  thank  you  very  much  for  coming  here 

•Chief.  Coal  Mining  Investigations,  Pittsburgh  Experiment  Station. 
U.  S.  Bureau  of  Mines. 
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and  presenting  the  data  and  information  you  have  given  us.  We 
felt  that  Pittsburgh  deserved  to  have  the  best  information  on  this 
subject,  so  we  went  to  you  for  it. 

Since  this  meeting  marks  the  close  of  the  fiscal  year  for 
the  Mechanical  Section,  I  take  this  opportunity  to  express  my 
appreciation  of  the  co-operation  I  have  received  from  the  members. 
It  is  my  hope  that  you  will  give  the  incoming  officers  just  as  good 
co-operation  as  you  gave  to  me — and  a  little  better  if  possible. 
Sound  engineering  is  without  a  doubt  the  foundation  of  Pitts¬ 
burgh’s  industrial  life,  and  upon  you  engineers  rests  the  respon¬ 
sibility  for  the  future  of  Pittsburgh.  What  you  do  next  year, 
and  during  the  years  to  come,  will  certainly  determine  the  future 
of  Pittsburgh.  I  thank  you  all. 


FACTORS  AFFECTING  THE  USE  OF  AIR  IX  OIL  BURN¬ 


ING  WITH  COMPARISON  OF  COST 


By  W.  C.  Buell,  Jr.* 

INTRODUCTION 

The  question  of  the  advantages  to  be  found  in  burning  liquid 
fuels  with  air  under  various  pressures  has  been  the  subject  of  con¬ 
siderable  discussion  but  little  has  been  written  on  the  subject,  and 
figures  of  comparative  performance  are  entirely  lacking. 

This  subject  is  one  of  sufficient  importance  for  a  careful 
analytical  discussion,  as  the  summary  at  the  end  of  this  paper 
will  show.  As  nearly  every  industry  burns  more  or  less  oil  or  tar 
the  subject  is  one  of  quite  general  interest,  and  a  consideration  of 
the  summary  of  the  analysis  made  hereafter  will  clearly  show  that 
it  is  possible  to  waste  a  large  amount  of  money  in  purchasing  a 
selected  fuel  or  in  using  air  that  must  be  reduced  in  pressure 
to  meet  the  requirements  of  combustion. 


CLASSIFICATION 

An  examination  of  the  oil  burning  systems  offered  for  in¬ 
dustrial  heating  practice  will  indicate  that  there  are  three  general 
types  of  oil  burners  classified  on  a  basis  of  air  pressures  at  the 
source  of  supply  from  which  they  operate,  and  somewhat  along 

the  following  lines : 

1.  Burners  employing  so-called  “volume”  air  which  is 
moved  by  high-speed  fan  blowers  and  delivered  to  the  burners  at 
pressures  of  from  4  to  10  or  12  ounces. 

2.  Burners  operating  on  so-called  “positive”  air  which  is 
delivered  to  the  burners  by  displacement  or  turbine-type  machines 
and  occasionally  by  high-speed  centrifugal  fans,  at  pressures  of 
from  12  ounces  to  two  pounds. 

3.  Burners  utilizing  “high-pressure”  air  which  is  delivered 
to  the  burners  from  compressor  lines  in  which  pressures  ordinarily 
run  from  50  to  60  or  100  pounds  gage. 


•President,  Buell-Scheib-Mueller,  Inc.,  Pittsburgh. 
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Each  of  the  three  foregoing  systems  has  its  advocates  and 
it  is  usual  for  the  manufacturer  of  oil  burning  equipment  to  fol¬ 
low  the  lines  of  least  resistance  when  making  recommendations 
and  to  propose  equipment  using  the  air  pressure  which  is  favored 
by  the  customer  rather  than  to  stand  on  sound  engineering  prin¬ 
ciples  and  to  recommend  equipment  operating  under  the  best 
economic  conditions. 

It  is  the  writer’s  purpose  .to  discuss  at  some  length  all  of 
the  factors  affecting  the  use  of  air  in  oil  burning  under  the  above 
classifications,  but  with  reference  to  the  class  of  equipment  in¬ 
cluded  under  1,  above,  it  should  he  understood  that  burners 
operating  on  the  low  pressures  of  this  classification  can  not  de¬ 
pend  on  the  air  to  atomize  the  oil  but  must  of  necessity  use  a 
mechanical  system,  in  which  the  oil  fuel  is  atomized  hv  the  static 
oil  pressure  forcing  the  oil  fuel  through  very  small  orifices  in  the 
form  of  a  fine  spray  which  the  low-velocity  air  can  easily  pick  up. 

The  use  of  this  system  is  limited  to  oil  which  is  very  fluid 
and  very  clean  ;  viscous  or  dirty  oils  will  cause  partial  or  com¬ 
plete  cessation  of  operation  and,  with  the  necessity  for  the  con¬ 
servation  of  the  petroleum  resources  of  the  country  clearly  before 
us,  it  is  an  unnecessary  waste  of  the  natural  lubricating  and  po¬ 
tential  chemical  reserves  of  the  country  to  use  as  fuel  selected 
distillates  of  high  Baume  gravity — the  only  kind  which  can  be 
used  successfully  in  the  mechanical  system  as  applied  to  furnace 
practice.  As  a  matter  of  fact,  in  this  day  and  age,  only  residual  and 
heavy  fuel  oils  should  be  considered  as  fuels. 

A  few  manufacturers  still  offer  “volume”  systems.  The  more 
progressive  propose  the  “positive”  system,  and  quite  a  number 
advocate  the  use  of  “high-pressure”  systems,  while  plant  engi¬ 
neers  are  prone  to  specify  that  “100-pound  air  is  available  and 
will  be  used.” 

VELOCITY 

Air  Velocity  at  Various  Pressures.  A  study  of  the  dynamic 
head  or  velocity  coming  from  the  static  air  pressure  when  dis¬ 
charged  against  the  atmosphere  (which  throughout  this  paper  is 
assumed  to  be  14.7  pounds  pressure,  absolute,  at  70  degrees  F.  ) 
will  show  that  at  one  inch  water  pressure  the  velocity  will  be  70 
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Fig.  1.  \Telocity  of  Air. 


feet  per  second  (Fig.  1)  ;  at  one  pound  the  velocity  will  be  3o2 
feet  per  second,  and  at  4  pounds  it  will  be  over  700  feet  per 
second  (Fig.  2).  If  we  calculate  still  further  on  the  basis  that 
four  times  the  pressure  will  double  the  velocity,  we  will  find  that 
at  64  pounds  gage  pressure  the  velocity  will  he  approximately 
2800  feet  per  second.  Of  course,  at  the  common  SO  pounds 
gage  pressure  for  compressed-air  delivery  the  velocity  will  he  still 
higher. 

It  must  not  he  assumed  that  air  passes  into  the  burner  setting 
at  anything  like  the  velocities  which  are  a  function  of  high-pres¬ 
sure  air.  \  elocities  arc  very  much  reduced  by  permitting  the  air 
to  expand  through  the  controlling  valves,  and  the  writer's  opinion, 
based  on  observation,  is  that  combustion  can  never  be  sustained 
when  air  enters  the  burner  setting  in  excess  of  approximated 
600  feet  per  second,  which  is  the  equivalent  dynamic  head  coming 
from  approximately  three  pounds  gage  static  pressure.  In  ordi¬ 
nary  combustion  practice,  velocities  must  not  he  greater  than  100 
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Fig.  2.  Velocity  of  Air. 


feet  per  second,  six  or  eight  inches  ahead  of  the  burner  nozzle,  it 
good  results  are  to  be  secured. 

It  will  be  shown  that  the  comparative  cost  of  compressing  air 
at  two  pounds,  which  produces  an  ideal  combustion  condition,  is 
somewhat  higher  than  the  cost  of  compressing  air  initially  to  ap¬ 
proximately  15  pounds  gage,  and,  while  air  is  seldom  furnished 
by  machines  delivering  it  at  an  initial  pressure  of  15  pounds,  the 
use  of  air  initially  compressed  to  15  pounds  offers  interesting  cost 
possibilities  under  certain  installation  conditions  (see  Table  II). 

Functions  of  Velocity.  In  oil  burning  practice,  air  velocity 
has  two  general  functions:  first,  to  atomize  or  shred  the  oil  fuel 
into  minute  globules  thus  increasing  the  surface  exposed  to  the 
volatilizing  effect  of  the  air  stream  and  placing  the  oil  in  a  gaseous 
or  semi-gaseous  form  in  order  to  burn  it  as  rapidly  as  possible ; 
and,  second,  to  induce  the  greatest  possible  amount  of  atmospheric 
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air  which  may  he  secured  through  aspirator  action  in  the  tliroat 
of  the  setting  and  which  may  he  frequently  greatly  increased  Im¬ 
proper  design  of  the  setting  and  the  'burner. 

Velocities  for  Atomizing.  It  will  he  conceded  that  in  hunt¬ 
ing  oil  a  certain  standard  practice  must  he  established,  based  on 
good  engineering  principles,  in  order  to  secure  the  most  satis¬ 
factory  operation  and  this  is  especially  true  where  it  is  desired 
to  use  the  heavier  grades  of  oil. 

According  to  the  writer’s  experience  the  general  statement 
can  be  made  that  if  oil  reaches  the  burner  tip  at  a  viscosity  of  not 
more  than  300  seconds  on  the  Saybolt  viscosimeter  satisfactory 
atomizing  will  take  place  if  the  air  column  meets  the  oil  at  pres¬ 
sures  of  from  12  ounces  to  15  pounds.  The  number  of  Saybolt 
seconds  divided  by  30  will  give  the  ratio  of  fuel  flow  as  com¬ 
pared  to  water  and,  therefore,  300  Saybolt  seconds  means  that 
it  is  possible  to  use  oil  which  is  TO  times  as  viscous  as  water 
under  equal  conditions  (temperature  excepted)  ;  in  other  words, 
a  volume  of  oil  that  requires  10  times  as  long  as  an  equal  volume 
of  water  to  flow  through  a  given  orifice  under  similar  conditions, 
will  have  a  viscosity  10  times  that  of  water. 

Heating  the  oil  is  usual  practice  to  reduce  the  viscosity  of 
fuels  that  at  ordinary  temperatures  are  too  viscous  to  atomize  by 
air  action.  With  all  commercial  oils  offered  for  fuel  to-day  the 
viscosity  of  300  Saybolt_  seconds  will  he  secured  at  temperatures 
under  250  degrees  F.,  and  this  seems  to  mark  the  maximum  work¬ 
ing  limits  of  oil  heating,  as  at  higher  temperature  oils  may  to  some 
extent  decompose,  possibly  gasifying  to  some  degree,  and  also 
have  a  tendency  to  deposit  solid  carbon;  thus  it  may  he  safely 
said  that  300  seconds  Saybolt  viscosity  is  the  maximum  limit 
allowable  in  oil  burning.  Therefore,  in  designing  oil  burning 
systems,  the  air  system  should  he  predicated  for  a  fuel  having  a 
fluidity  of  300  Saybolt  seconds. 

Velocity  Found  in  Combustion.  On  this  subject  a  number 
of  assumptions  must  be  made.  Some  research  has  been  carried 
on,  notably  on  pure  hydrogen,  to  determine  the  rate  of  flame  propa¬ 
gation  and  with  air  at  atmospheric  temperature  and  constant  pres¬ 
sure  it  would  seem  that  the  speed  of  hack  fire  of  hydrogen  is 
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approximately  14  feet  per  second.  This  means  that,  if  hydrogen 
is  mixed  in  proper  proportion  with  a  column  of  air  having  a 
velocity  in  excess  of  14  feet  per  second,  the  air  velocity  will  blow 
the  point  of  combustion  away  from  the  point  of  mixing  while  if 
the  velocity  falls  below  the  rate  of  14  feet  per  second  the  hydrogen- 
air  mixture  will  burn  back  to  the  point  of  mixing. 

Little  work  has  been  done — or,  at  least,  little  has  been  pub¬ 
lished — on  the  subject  of  the  rate  of  combustion  of  the  hydro¬ 
carbons.  Information  is,  at  the  best,  unreliable  and  like  the 
figures  for  hydrogen  the  results  apply  merely  to  laboratory  prac¬ 
tice.  From  such  data  as  the  writer  has  been  able  to  collect  and 
from  observation  in  many  years  of  combustion  research  work  he 
believes  that  the  speed  of  back  fire  in  Pittsburgh  natural  gas  is 
about  eight  feet  per  second  with  air  in  proper  proportion  and  that 
in  the  case  of  fuel  oil  it  is  considerably  lower  and  probably  in  the 
neighborhood  of  five  feet  per  second;  these  results,  of  course, 
being  found  at  constant  pressure  and  atmospheric  air  temperatures. 

Assuming  the  writer’s  figures  to  form  a  basis  for  considera¬ 
tion  of  the  combustion  of  the  commercial  fuels,  it  may  be  stated 
that  an  air-oil  mixture  entering  a  cold  combustion  chamber  with 
a  speed  in  excess  of  five  feet  per  second  must  be  broken  down  tv) 
approximately  that  figure  (at  least)  before  combustion  will  be 
sustained. 

A  simple  phenomenon  which  will  illustrate  -this,  is  very  fre¬ 
quently  observed  when  endeavoring  to  light  an  air-oil  mixture  in 
a  cold  furnace.  The  air-oil  mixture  travels  into  the  furnace  per¬ 
haps  several  feet  before  combustion  is  sustained  at  all ;  but,  as 
the  combustion  chamber  heats  up,  radiant  heat  from  the  setting 
is  focused  on  the  entering  air-oil  column,  and,  as  the  mixture 
preheats,  the  point  of  combustion  works  hack  until  combustion 
is  sustained  in  proximity  to  the  burner  tip.  As  a  further  example 
it  is  quite  often  observed  that,  in  order  to  sustain  combustion  at 
all  in  a  cold  furnace,  a  baffle  brick  must  be  placed  a  foot  or  so 
ahead  of  the  burner  so  that  the  air-oil  column  may  impinge  there¬ 
on,  reducing  the  velocity  of  a  part  of  the  column,  at  least,  prac¬ 
tically  to  zero.  When  starting,  it  is  hard  to  maintain  satisfactory 
combustion  but  as  the  baffle  brick  heats  up.  the  heat  of  the  brick 
supports  the  combustion  of  the  air-oil  mixture.  A  baffle  brick 
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used  as  described  is  an  indication  of  faulty  conditions  in  the 
oil  burner  or  the  setting. 

It  must  not  be  assumed  that  it  will  lie  desirable  to  introduce 
the  air-oil  mixture  at  a  velocity  as  low  as  the  speed  of  back  tire. 
Excessively  low  velocities  in  the  mixture,  when  the  furnace  is 
hot,  have  a  tendency  to  make  the  resulting  combustion  altogether 
too  “soft”.  As  a  matter  of  fact,  it  is  customary  to  introduce  the 
mixtures  with  a  velocity  of  perhaps  60  to  80  feet  per  second, 
which,  while  it  may  make  the  lighting  of  a  cold  furnace  some¬ 
what  troublesome,  will  permit  a  very  excellent  combustion  con¬ 
dition.  After  a  burner  setting  has  become  sufficiently  heated  to 
radiate  heat  to  the  air-oil  column,  and  the  air-oil  column  is  heater! 
beyond  the  ignition  point  of  the  mixture  (  which  is  relatively  low 
and  probably  in  the  neighborhood  of  TOO  degrees  F.)  combustion 
takes  place  and”  is  readily  sustained  with  velocities  up  to  approxi¬ 
mately  100  or  120  feet  per  second;  these  are,  however,  unduly 
high  and  usually  produce  the  severe  “blow-piping”  action  which 
causes  rapid  failure  of  the  refractories  on  which  the  flame  may 
impinge.  It  is  only  by  preheating  the  air-oil  column  to  a  con¬ 
siderable  degree  that  combustion  is  sustained  with  desirable  ve¬ 
locities,  which  from  the  writer’s  observation  appear  to  be  about 
65  feet  per  second.  From  the  foregoing  it  will  be  seen  that 
energy  expended  in  compressing  air  to  a  point  that  will  produce 
velocities  much  above  1000  feet  per  second  is  a  considerable  waste 
of  money. 

Reduction  of  Velocity.  In  oil  burning  practice,  the  velocity 
of  the  entering  air  must  be  broken  down  to  the  combustion  speed 
equilibrium  as  quickly  as  possible,  and  at  a  predetermined  distance 
from  the  burner  tip  in  order  to  secure  the  liberation  of  the  heat 
within  the  most  desirable  space.  This  is  accomplished  in  several 
ways,  singly  or  in  combination,  as  follows. 

The  expenditure  of  dynamic  energy  in  the  mechanical  air 
by  atomizing  or  shredding  the  fuel  is  one  means  of  reducing  the 
velocity.  The  expenditure  of  energy  in  inducing  atmospheric  air 
is  another.  Friction  in  the  metal  funnel  of  the  burner,  and  the  tire- 
brick  setting  has  a  material  reducing  effect  as  does  the  expansion 
of  air  in  the  burner  setting  and  the  impingement  of  air-oil  mix¬ 
ture  on  the  surface  of  the  brick- work.  A  sudden  change  of 
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direction  of  flow  has  a  great  reducing  effect,  but  possibly  the  ex¬ 
pansion  of  the  air-oil  column  within  the  setting  and  the  combustion 
chamber  is  the  greatest  single  factor  tending  to  reduce  velocities, 
it  being  assumed  that  furnace  pressures  are  but  slightly  above  the 
atmosphere. 

QUANTITY  OF  AIR  REQUIRED  FOR  BURNING  OIL 

The  amount  of  air  required  for  combustion  of  fuel  oil  varies 
from  1250  cubic  feet  per  gallon,  in  the  case  of  a  light  oil  approach¬ 
ing  kerosene,  to  1100  cubic  feet  per  gallon  with  heavy  oil  ap¬ 
proaching  10  degrees  Baume,  or  from  192  to  220  cubic  feet  per 
pound.  Usually  air  in  excess  of  that  required  for  perfect  com¬ 
bustion  is  present  in  the  combustive  reaction  and  excess  air  in 
itself  is  the  source  of  one  of  the  greatest  fuel  wastes.  To  a 
marked  degree  the  use  of  excess  air  may  be  eliminated  by  proper 
engineering,  the  selection  of  the  air  mover,  and  the  design  of  the 
air  distributing  system,  the  burners,  and  the  setting. 

fn  nearly  every  case,  excepting  only  a  few  special  heating 
operations, -it  may  be  assumed  that  perfect  combustion  produces 
the  most  desirable  furnace  atmosphere  and  anything  that  will 
assist  in  securing  approximately  perfect  combustion  will  produce 
a  saving  of  considerable  magnitude. 

It  should  be  understood  that  perfect  combustion  is  never 
accomplished  commercially,  except  instantaneously,  as  there  are 
many  variables  affecting  the  reaction  which  are  continually  acting 
to  change  the  proportions  of  air  and  fuel ;  but  excess  air  to  the 
extent  of  5  or  10  per  cent,  should  mark  a  maximum  in  liquid-fuel 
practice,  and  this  may  easily  be  accomplished  with  a  properly 
installed  system. 

INDUCTIVE  PROPERTIES  OF  PRIMARY  AIR  AS  APPLIED  TO 

OIL  BURNING  PRACTICE 

If  the  opening  through  the  furnace  wall  through  which  the 
combustible  mixture  of  oil  and  air  passes,  is  correctly  designed, 
and  if  the  flues  and  other  passages  within  the  furnace  are  so. 
proportioned  that  no  undue  pressure  is  set  up  within  the  furnace, 
a  considerable  amount  of  atmospheric  air  may  be  induced  by  the 
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action  of  the  air  from  the  mechanical  compressor  and  thus  the 
size  of  the  blowing  apparatus  may  -be  held  relatively  small. 

In  the  case  of  “volume”  air  as  defined  in  classification  1,  page 
201,  the  best  conditions  that  may  be  secured  average  about  two 
parts  blower  air  to  one  part  atmospheric  air  induced ;  or,  in  other 
words,  for  every  1000  cubic  feet  of  air  required  for  combustion, 
G50  cubic  feet  must  be  supplied  by  the  blowers. 

In  tile  case  of  classification  2,  or  “positive”  air,  from  45  to 
10  per  cent,  of  all  air  required  for  combustion  may  be  induced ; 
or,  for  every  1000  cubic  feet  required,  only  300  to  550  cubic  feet 
need  be  supplied  by  mechanical  means. 

In  the  case  of  “high-pressure”  air  under  classification  3, 
from  80  to  90  per  cent,  of  the  total  may  be  induced;  or,  for  each 
1000  cubic  feet  required  for  combustion,  but  100  to  200  cubic 
feet  need  be  supplied  from  the  compressor. 

Fig.  3  shows  a  curve  based  on  actual  working  figures  which 
the  writer  has  taken,  and  indicates  what  might  reasonably  be 
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Fig.  3.  Anticipated  Air  Induction  with  Properly  Designed  Throat  and 

Low  Furnace  Pressure. 
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anticipated  in  percentage  of  induction  with  good  furnace  design. 
All  of  the  results  shown  were  obtained  in  the  same  furnace.  The 
burner  setting  of  this  furnace  is  shown  in  Fig.  4,  in  which  A 
is  the  oil  burner ;  B  the  clamp  holding  the  oil  burner  in  position ; 
C  the  funnel  attached  to  the  furnace  wall ;  D  a  molded  fire-brick 
block,  conical  in  shape;  E  a  deflector  corbeled  out  from  the  fur- 


Fig.  4.  Details  of  Oil  Burner  Setting. 

nace  wall  and  upon  which  part  of  the  flame  impinges.  The  width 
of  E  is  only  nine  inches ;  it  is  open  at  the  sides  and  the  gas  column 
is  free  to  expand  and  pass  to  either  side  in  addition  to  that  part 
passing  through  the  opening  X.  This  setting  is  a  very  desirable 
type  of  setting  for  oil  burning  practice  with  an  open-chamber 
furnace. 

The  furnace  on  which  these  trials  were  made,  was  fired  by  a 
single  burner  working  against  a  flue  area  of  45  square  inches,  but 
dampered  so  that  any  desired  pressure  condition  within  the 
furnace  could  be  developed.  All  results  plotted  in  Fig.  3,  were 
taken  with  the  pressure  in  the  furnace  chamber  less  than  0.05  inch 
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of  water.  The  experience  is  from  six  burners  of  different  sizes 
and  types. 

It  should  he  distinctly  understood  that  the  induction  per¬ 
formance  will  vary  with  every  furnace,  and  the  chart  should  in 
any  event  he  taken  only  as  an  approximation  although  it  offers  a 
very  good  medium  from  which  to  work. 


COMPARISON  OF  BLOWERS 

Table  I  notes  some  of  the  general  operating  characteristics 
of  several  types  of  air  moving  machines  as  ordinarily  found  in 
oil  burning  practice.  Constant  pressure  and  variable  energy  and 
volume  are  the  desirable  characteristics.  From  this  .table  it  will 
be  seen  that  all  machines  have  a  characteristic  of  constant  speed, 
excepting  compressors  which  are  assumed  variable  from  the  effect 
of  the  unloader. 

TABLE  I.  COMPARATIVE  CHARACTERISTICS  OF  AIR  MACHINES 


Type  of 
machine 

Delivery 

pressure 

Operation 

Speed 

Volume 

Energy 

Pressure 

Fan 

4  to  12  ounces 

quiet 

constant 

variable 

va  riable 

variable 

Fan 

to  1  pound 

hunming 

constant 

variable 

variable 

variable 

Displacement 

to  2  pounds 

noisy 

constant 

constant 

constant 

constant 

Turbine 

1  to  2  pounds 

quiet 

constant 

variable 

variable 

constant 

Compressor 

15  pounds 

quiet 

variable 

variable 

variable 

constant 

Compressor 

80  pounds 

noisy 

variable 

variable 

variable 

constant 

A  change  in  volume  produces  a  change  in  the  energy  charac¬ 
teristics  of  all  machines  except  the  displacement  type  in  which  type, 
however,  volume  actually  remains  constant  by  the  “bleeding”  of 
the  air  lines  through  a  relief  valve.  A  change  of  the  discharge 
area  affects  the  pressure  of  the  fan-type  blower  only. 

The  turbo  type  machine  for  pressures  of  one  to  two  pounds 
is  probably  the  best  type  of  machine  for  general  use,  for  in  this 
style  of  machine  speed  and  pressure  are  constant  while  volume 
varies  with  the  area  of  opening,  and  energy  with  the  volume:  thus, 
without  change  of  pressure,  energy  varies  with  volume.  This  is 
also  true  of  the  piston  compressor. 


TABLE  II.  SUMMARY  OF  BLOWER  PERFORMANCE  FOR  OIL  BURNING  AND  COMPARATIVE  COST 
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Required  1500  cu.  ft.  of  air  per  gallon  of  oil  for  complete  combustion. 
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Table  II  shows  that  if  a  piston  compressor  is  installed  for 
oil  burning  developing  initial  pressures  of  15  pounds  gage  there  is 
a  possibility  of  a  considerable  energy  saving  over  any  other  type. 
However,  in  nearly  every  case  where  air  from  a  piston  compressor 
is  used,  the  initial  pressures  are  from  80  to  100  pounds  and  the 
operating  costs  are  excessive. 


Kw 


Fig.  5.  Pressure-Energy  Relations.  Type  P  Blowers. 

In  Fig.  5  is  plotted  a  composite  curve  of  several  blowers  of 
one  type,  based  on  a  constant  delivery  of  1000  cubic  feet  of  free 
air  per  minute  and  showing  to  what  extent  energy  varies  with 
delivery  pressure.  This  curve  in  common  with  the  three  follow¬ 
ing  curves  is  taken  from  data  published  by  manufacturers  of  the 
various  types  of  machines.  Accuracy  of  the  results  plotted  in 
Fig.  5  is  open  to  question  as  this  shows  energy  and  pressure  as 
straight-line  functions  of  each  other,  and  this  is  incorrect.  It  is 
included,  however,  particularly  with  the  idea  of  suggesting  that 
printed  tables  of  performance  are  not  overly  reliable. 
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Fig.  6  gives  pressure,  energy,  and  speed  characteristics  of 
a  fan  blower  of  a  different  make,  also  operating  at  constant  volume 
which  in  this  case  is  2000  cubic  feet  of  free  air  per  minute.  The 
information  may  be  taken  as  fairly  reliable  for  machines  ap¬ 
proaching  a  delivery  of  the  volume  mentioned. 

Fig.  7  gives  delivery,  energy,  and  pressure  of  a  small  high¬ 
speed  blower  operating  at  constant  speed,  which  in  this  case  is 
3F00  r.p.m.  This  type  of  blower  has  a  limited  application  in 
oil  burning  practice  especially  where  it  is  desired  to  make  an  ap¬ 
plication  of  an  individual  blower  to  each  furnace.  It  is  an  illus¬ 
tration  of  the  strange  characteristics  in  most  fan-type  blowers. 
Specifically,  it  shows  that  with  well  designed  apparatus  and  at  one 
pound  pressure  the  blower  delivers  100  to  125  cubic  feet  per 
minute  with  power  requirements  of  about  1.75  kilowatts.  This 
condition  is  for  operation  against  a  relatively  small  sized  orifice, 
and.  if  the  orifice  is  increased  to  allow  a  greater  volume  to  pass, 
pressure  will  fall  off  rapidly  and  the  energy  required  will  increase 
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Fig.  7.  Constant-Speed  Performance  of  High-Speed  Blower. 
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Fig.  8.  Constant-Pressure  Performance  of  Displacement- 1  vpe  Blower. 
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somewhat  in  the  same  ratio  as  the  pressure  decreases  due  to  the 
increasing  weight  of  the  air  moved. 

Fig.  8  is  a  composite  curve  of  a  displacement-type  machine. 
In  general,  these  machines  operate  at  constant  speed  and  against 
a  constant  area,  maintaining  a  constant  pressure.  A  change  in 
the  area  of  the  nozzle  without  the  use  of  an  equalizing  device  will 
affect  both  pressure  and  energy  greatly ;  therefore,  these  machine* 
are  generally  equipped  with  a  relief  valve  which  prevents  over¬ 
loading  and  produces  constant  pressure  by  maintaining  substan¬ 
tially  constant  volume. 

The  following,  copied  from  the  circular  of  a  manufacturer  of 
this  type  of  machine,  is  self  explanatory: 

“Blowers  are  of  the  positive  type  and  openings  cannot  be  closed 
or  restricted  before  the  blower  is  stopped  without  increasing  the 
pressure  and  overloading  the  blower.  This  is  entirely  different  from 
the  fan  type  blower  with  which  little  increase  in  pressure  is  noted 
when  discharge  opening  is  closed.  For  protecting  blowers  against 
this  overloading  we  suggest  the  use  of  relief  valves.” 


Fig.  9.  Constant-Speed  and  Constant-Pressure  Performance  of  Turbine- 

Type  Blowers. 


Fig.  9  gives  operating  characteristics,  at  constant  speed,  o- 
a  one-pound  (two-stage)  and  a  two-pound  (four-stage)  turbine- 
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tvpe  blower.  With  these  machines,  pressure  is  relatively  constant 
while  energy  varies  with  volume  which  may  be  changed  at  will 
within  the  manufacturer’s  rating  of  extreme  range,  without  fear 
of  overloading  the  machines. 

As  clearly  indicated,  the  turbine-type  machine  maintains 
speed  and  pressure  constant,  and  any  machine  of  a  type  employ¬ 
ing  four  general  characteristic  factors  that  can  maintain  two  of 
those  factors  as  a  constant  has  a  great  operating  advantage  over 
any  other  type  of  machine  where  if  one  factor  is  constant  the  other 
three  must  be  variable. 
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Fig.  10.  Single-Stage  Compressor  Performance. 


Fig.  10  gives  the  composite  curve  of  Dr.  Lucke*  for  single- 
stage  compressor  performance,  and  from  this  chart  a  considerable 
amount  of  information  regarding  compressor  performance  may  be 
obtained.  Figures  are  based  on  a  delivery  of  1000  cubic  feet  of 
free  air  per  minute. 

A  sample  reading  is  shown  on  a  basis  of  80  pounds  gage 
pressure,  and  under  isothermal  operation  the  power  to  compress 
1000  cubic  feet  of  free  air  per  minute  is  read  to  approximately 

♦Engineering:  Thermodynamics,  by  Charles  E.  Lucke.  1912.  McGraw- 
Hill.  New  York.  p.  169. 
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120  horse-power,  while  the  power  required  for  the  same  machines 
in  adiabatic  operation  is  approximately  3  50  horse-power.  Isother¬ 
mal  operation  is  not  found  commercially  and  consequently  the 
adiabatic  figure  should  he  used,  the.  factor  for  the  adiabatic  change 
in  air  volume  being  1.4.  The  power  figures  of  this  graph  are 
those  required  for  compression  of  air  only  and  no  account  is 
'taken  of  machine  efficiency.  For  the  single-stage  machine  the 
writer  assumed  this  to  he  78  per  cent,  and  modified  his  figures 
accordingly. 


Fig.  11.  Multistage  Compressors  Equipped  with  Intercoolers. 


Fig.  11*  gives  the  modifying  factors  for  two-stage  and  three- 
stage  compressors  when  equipped  with  intercoolers.  4  he  example 

♦Engineering  Thermodynamics,  by  Charles  E.  Lucke.  1912.  McGraw- 
Hill.  New'  York.  p.  179. 
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line  is  a  continuation  of  the  previous  example  carried  out  in  Fig. 
10,  for  80  pounds  gage  pressure.  As  may  he  seen,  a  two-stage 
machine  will  take  approximately  8T  per  cent,  of  the  power  required 
for  the  single-stage  machine,  while  the  three-stage  machine  will 
take  approximately  82.5  per  cent,  of  the  power  required  for  a 
single-stage  machine. 


COMPARATIVE  COSTS  OF  AIR 

Tal>le  II  shows  in  comparative  form  the  operating  character¬ 
istics  of  all  of  the  machines  touched  upon  in  this  paper  and  also 
the  calculated  cost  of  compressing  and  moving  air  for  oil  burning 
purposes.  In  this  table  it  is  assumed  that  air  is  to  be  furnished 
in  proper  quantity  for  the  complete  combustion  of  (JO  gallons  of 
oil  per  hour  and  that  1500  cubic  feet  of  free  air  are  required  for 
the  combustion  of  a  gallon  of  fuel  or  that  a  total  of  1500  cubic 
feet  of  free  air  per  minute  must  lie  supplied  either  by  a  blower  or 
by  the  blower  and  the  induction  effect  of  the  mechanical  air. 

Air  quantity  and  the  energy  required  to  compress  the  air,  as 
well  as  the  cost  of  current  required  for  the  compression  of  air  to 
burn  1000  gallons  of  oil,  are  indicated  and  an  approximation  of 
first  cost  of  the  machines,  complete  with  motors,  is  given. 

The  cost  of  air  per  gallon  with  a  compressor  at  15  pounds 
is  the  lowest  consistent  with  good  atomizing  and  combustion  con¬ 
ditions  and  it  is  shown  that  the  cost  of  power  for  compressing  it 
80  pounds  is  over  four  times  as  great.  The  cost  per  gallon  with 
one-  and  two-pound  turbine  machines  is  somewhat  greater  than 
with  the  15-pound  compressor;  but,  in  spite  of  this,  the  turbine- 
type  machine  will  likely  be  found  the  most  economical  in  practice 
in  the  great  majority  of  cases. 

As  has  been  previously  stated,  air  supplied  by  machines  under 
classifications  2  and  3  will  atomize  heavy  oil  where  those  in  classi¬ 
fication  1  will  not.  The  cost  of  compressing  at  0.12  of  a  cent  per 
gallon  for  eight-ounce  air  would  make  a  most  excellent  argument 
in  favor  of  the  mechanical  system  were  it  not  for  the  fact  that  the 
selected  oil  required  for  good  operation  with  this  system  would 
put  a  premium  of  at  least  25  per  cent,  on  the  oil  cost  in  a  normal 
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fuel  market,  making  the  cost  of  the  selected  oil  five  cents  per 
gallon  when  the  heavy  oils  are  available  at  four  cents. 

Operation  of  one-  and  two-pound  turbine  machines  places 
a  cost  of  0.002  and  0.0025  of  a  cent,  respectively,  per  gallon  on 
the  oil  fuel,  while  the  operation  of  a  15-pound  piston  machine 
adds  a  cost  of  0.0015  of  a  cent  per  gallon,  and  the  80-pound 
piston  machine,  0.006  of  a  cent  per  gallon. 


AIR  PIPING 

The  cost  of  piping  the  different  types  of  blowing  apparatus 
is  specifically  ignored  due  to  the  fact  that  every  plant  presents 
problems  which  are  individual  in  every  sense  of  the  word  and  no 
general  cost  comparison  can  he  reasonably  drawn.  It  is  a  fact 
that  it  is  generally  more  economical  to  have  an  individual  blower 
for  each  furnace  or  at  least  to  have  a  single  blower  serving  a  small 
group  of  furnaces.  Large  central-station  blower  equipment  is 
not  to  be  recommended,  as  piping  costs  are  proportionally  much 
larger  and  leakage  and  energy  absorbed  by  friction  losses  in  the 
pipes  add  additional  costs  which  can  well  be  eliminated. 


CONCLUSION 

Consideration  of  the  subject  matter  and  figures  of  this  paper 
should  clearly  show  that  the  proper  method  of  burning  oil  is 
with  air  pressure  under  classification  2,  or  under  some  conditions 
with  15-pound  air  under  classification  3. 

All  fuels  are  high  priced  whether  they  are  coal,  natural  gas, 
manufactured  gas  or  the  liquid  hydrocarbons,  and  in  the  years  to 
come  the  tendency  will  probably  be  for  fuel  prices  to  continue  an 
upward  trend  ;  therefore,  to  cut  down  fuel  costs  to  the  lowest  pos¬ 
sible  figure,  it  is  necessary  that  all  of  the  economic  factors  enter- 
ins:  into  combustion  reaction  be  given  the  most  careful  considera¬ 
tion  and  sound  engineering  principles  applied  to  the  installation, 
application,  and  operation  of  all  fuel-burning  equipment. 

The  conclusion  drawn  throughout  the  paper  can  be  applied 
with  only  slight  modifications  to  the  combustion  of  pulverized 
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fuel.  Naturally  the  requirements  for  atomizing  as  with  oil  are 
present  only  to  a  small  degree  but  undoubtedly  the  practice  is 
similar  with  lxitli  types  of  fuel. 

Xo  attempt  has  been  made  to  cover  oil  burning  equipment  as 
used  in  the  firing  of  steam  boilers,  open-hearth,  glass,  or  other 
regenerative  or  recuperative  furnaces.  Conditions  of  combustion 
set  up  with  the  latter  type  of  equipment  vary  so  radically  from 
those  found  in  industrial  furnace  application  that  results  given  in 
this  paper  can  in  no  way  be  applied. 


DISCUSSION 


Mr.  J.  C.  Hobbs:*  Mr.  Buell  is  to  be  commended  for  this 
paper.  His  presentation  of  the  subject  appears  to  be  quite  com¬ 
plete,  and  if  I  add  anything  to  the  value  of  the  paper  my  re¬ 
marks  will  be  general,  applying  to  combustion  problems  in  general. 

It  is  very  encouraging  to  note  the  change  of  attitude  which 
has  taken  place  during  recent  years  in  regard  to  the  control  of 
air.  Only  a  few  years  ago  it  seemed  to  be  the  general  impres¬ 
sion  that  coal,  oil,  gas,  etc.  were  the  “fuels”,  and  that  air  could 
be  obtained  for  nothing,  and  was  therefore  quite  “cheap”.  To-day 
a  few  engineers  at  least  seem  to  realize  that  the  process  of  com¬ 
bustion  consists  of  the  chemical  combination  of  two  or  more 
elements,  with  the  resultant  generation  of  heat ;  and  some  of 
these  engineers  have  come  to  the  conclusion  that  one  of  these 
elements  is  just  as  important  as  the  other,  and  that  oxygen 
deserves  to  be  classed  as  fuel  just  as  much  as  the  other  element. 
As  a  matter  of  actual  fact,  an  increase  in  the  amount  of  air  used 
in  the  furnace,  increases  the  fuel  cost  even  though  air  is  obtained 
free. 

After  all,  the  process  of  combustion  is  a  scientific  one  which 
is  comparatively  simple,  and  which  can  be  solved  successfully 
when  definite  control  is  exercised  over  the  supply  of  each  of  the 
elements  being  fed  to  the  furnace.  Some  method  of  measuring 
the  amount  of  oil,  gas,  or  coal  fed  to  the  furnaces  is  accepted  by 
all  as  being  desirable.  It  is  equally  desirable  to  be  able  to 
measure  the  quantity  of  air,  oxygen,  or  other  combustion-sup¬ 
porting  ingredient ;  and  it  is  doubly  worth  while  to  have  means 
available  by  which  to  control  the  rate  of  feeding  both  the  elements, 
so  as  to  obtain  that  predetermined  mixture,  which  will  result  in 
the  highest  efficiency  and  the  lowest  unit  costs  for  the  benefits 
obtained.  In  other  words,  instead  of  the  hit-or-miss  systems 
which  have  been  employed  heretofore  in  practically  all  combus¬ 
tion  methods,  a  definite  and  positive  means  of  controlling  the 
process  should  be  worked  out  and  used. 


♦Manager,  Allegheny  County  Steam  Heating  Co.,  Pittsburgh. 
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The  principal  factors  in  the  process  of  combustion  consist 
of  feeding  the  elements  to  the  furnace  in  the  proper  proportions; 
mixing  the  elements  thoroughly;  and  maintaining  a  temperature 
condition  sufficiently  high  to  cause  the  chemical  combination  to 
be  effected  within  a  practically  limited  period  of  time.  Both  the 
time  and  the  furnace  volume  required  are  dependent  upon  the 
primary  factors  of  intimacy  of  the  mixture  and  the  temperature. 
If  a  very  thorough  mixture  could  be  supplied  to  the  furnace,  the 
amount  of  volume  required  could  be  greatly  reduced  because  a 
shorter  flame  would  result. 

Furnace  volume  and  amount  of  excess  air  admitted  also  have 
a  rather  definite  relation.  If  no  excess  air  is  used  the  volume 
must  be  large  and  the  movement  of  the  gas  in  the  furnace  such 
that  each  particle  of  the  combustion  ingredient  must  be  brought 
into  contact  with  its  respective  particle  of  combustion-supporting 
ingredient  in  order  to  prevent  losses  due  to  incomplete  combus¬ 
tion,  As  a  practical  proposition  some  excess  air  is  admitted  to 
the  furnace,  so  that  none  of  the  combustible  ingredient,  which 
must  be  purchased,  is  allowed  to  escape  without  generating  heat. 
As  previously  inferred,  the  thoroughness  of  the  mixture  also  has 
a  definite  relation  to  the  amount  of  excess  air  required  in  order 
to  insure  complete  combustion. 

Mr.  C.  W.  Heppenstall  :*  Have  you  figures  to  show  the 
saving  on  the  use  of  preheating  air  in  oil-fired  furnaces? 

Mr.  W.  C.  Buell,  Jr.  :  I  have  collected  a  great  many  figures 
on  the  amount  of  heat  returned  to  the  furnace  in  the  air  when 
heated  to  different  temperatures. 

Mr.  C.  W.  Heppenstall:  Can  you  give  me,  in  round 
figures,  the  saving  that  could  be  effected  by  using  preheated  air; 
that  is  to  say,  on  a  given  furnace,  how  much  oil  could  be  saved 
over  the  atmospheric  temperature  with  air  preheated  to  300  de¬ 
grees  F.,  then  to  600  degrees  F.,  and  then  to  800  degrees  F.  ? 

•Treasurer  and  General  Manager,  Heppenstall  Forge  &  Knife  Co., 
Pittsburgh. 
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Mr.  W.  C.  Buell,  Jr.:  Assuming  that  the  fuel  is  being 
burned  perfectly,  I  would  expect  that  preheating  the  air  to  30*') 
degrees  would  return  five  per  cent,  of  the  total  fuel  used,  as  sensible 
heat.  At  600  degrees  this  would  amount  to  approximately  12  per 
cent.,  and  at  900  degrees  it  would  amount  to  approximately  IS 
per  cent.  It  is,  of  course,  assumed  in  the  above  figures  that  all 
of  the  air  required  for  combustion  is  preheated  to  the  figures 
mentioned. 

Mr.  F.  K.  Howell  :*  I  would  like  to  ask  if  the  speaker  can 
give  us  the  approximate  cost  of  operating  with  steam  atomization 
where  you  have  plenty  of  steam  and  no  cost  for  water,  as  com¬ 
pared  with  air  atomization. 

Mr.  W.  C.  Buell,  Jr.:  Figures  are  rather  indefinite,  and 
vary  greatly.  I  have  figures  which  indicate  that  where  tar  is 
used  as  a  fuel  approximately  one  pound  of  steam  is  used  per 
pound  of  tar.  In  the  case  of  the  regenerative  furnace,  quanti¬ 
ties  of  steam  required  are  much  smaller — probably  not  over  0.2 
or  0.3  pound  of  steam  per  pound  of  fuel. 

Mr.  B.  B.  Weinberg  :f  At  what  pressure  do  you  deliver 
the  oil  to  the  steel-heating  furnaces? 

Mr.  W.  C.  Buell,  Jr.:  It  depends  on  the  oil  and  the  sys¬ 
tem.  Preheating  air  will  greatly  improve  results  over  cold-air 
practice,  and  the  tonnage  of  steel  per  unit  of  fuel  will  be  in¬ 
creased  from  greater  temperature  differentials.  I  have  used  an' 
preheated  as  high  as  1600  degrees  F.,  in  forging  practice,  and 
the  economies  from  this  amount  of  preheat  have  been  almost 
unbelievable.  In  your  practice,  Mr.  Heppenstall,  do  you  not  have 
to  operate  at  75-pound  oil  pressure  to  secure  sufficient  burner 
capacity  at  the  higher  burner  ratings? 

Mr.  C.  W.  Heppenstall  :  Comparatively  speaking,  our  ex- 


•Superintendent,  Compnessing  Stations,  Philadelphia  Co.,  Pittsburgh. 
tProduction  Manager,  Heppenstall  Forge  &  Knife  Co.,  Pittsburgh. 
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perience  with  the  use  of  oil  pressure  has  been  quite  different  from 
yours.  Whether  you  are  right  or  whether  we  are  right,  I  am  not 
prepared  to  say.  You  understand,  of  course,  that  we  are  not  in 
the  business  of  selling  oil  equipment.  We  do  burn  oil,  and  we 
find  that  we  get  the  best  results  when  we  use  an  oil  pressure 
of  75  to  80  pounds. 


Mr.  W.  C.  Buell.  Jr.  :  Are  you  using  a  mechanical  system? 

Mr.  C.  W.  Heppenstall:  Yes. 

Mr.  W.  C.  Buell,  Jr.  :  That  is  different. 

Mr.  C.  W.  Heppenstall  :  What  do  you  mean  by  mechanical  ? 

Mr.  W.  C.  Buell,  Jr.:  You  are  forcing  oil  through  small 
orifices,  depending  on  this  action  to  atomize  it? 

Mr.  C.  W.  Heppenstall:  Yes. 

Mr.  W.  C.  Buell,  Jr.:  You  are  using  expensive  oil? 

Mr.  C.  W.  Heppenstall:  No  sir;  26  to  32  gravity. 

Mr.  W.  C.  Buell,  Jr.:  It  is  light  and  fluid? 

Mr.  C.  W.  Heppenstall:  It  is  when  you  heat  it? 

Mr.  W.  C.  Buell,  Jr.:  Then  you  do  heat  it? 

Mr.  C.  W.  Heppenstall:  Yes,  we  heat  it. 

Mr.  W.  C.  Buell,  J  r.  :  You  are  using  what  I  call  a  mechanic¬ 
al  system,  and  in  that  the  pressure  runs  higher  than  it  does  in 
what  I  have,  throughout  the  paper,  called  air  atomizing. 

Mr.  C.  W.  Heppenstall:  It  might  be  interesting  for  you 
to  know  how  we  use  oil  in  our  heating  furnaces.  We  use  a 
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General  Electric  Company  16-ounce  pressure  turbo-blower  for 
supplying  air  to  our  furnaces.  This  air  is  passed  through  pipes 
in  a  preheating  chamber  which  is  heated  by  reflected  heat,  giving 
the  same  effect  as  a  regenerative  furnace.  When  this  air  comes 
out  of  the  regenerative  chamber,  and  is  delivered  to  the  furnace, 
it  is  heated  to  approximately  7  00  degrees  F.  We  pump  the  oil 
under  80  pounds  pressure,  and  heat  it  to  180  degrees  F.  Our  fur¬ 
naces,  when  running  full,  have  a  transparent  heat,  and  we  have 
no  smoke,  and  no  stacks  on  our  furnaces.  The  heating  furnace 
that  I  am  talking  about  is  our  standard  heating  furnace,  in  which 
ve  heat  ingots  from  12  to  40  inches  in  diameter.  This  furnace 
nas  a  hearth  9  feet  wide  and  16  feet  deep.  The  height  of  the 
furnace  varies  with  the  different  classes  of  work  which  we  handle. 
In  our  largest  furnace,  which  is  approximately  six  feet  high,  we  can 
heat  a  ton  of  steel  on  less  than  25  gallons  of  oil. 

Mr.  W.  C.  Buell,  Jr.  :  As  a  matter  of  information  it  might 
be  interesting  to  state  that  in  marine  practice  with  a  mechanical 
atomizing  system  we  use  oil  frequently  under  pressures  up  to 
300  pound  gage. 


CONTINUOUS-TRAFFIC  LIFT  BRIDGES  PROPOSED 
FOR  ALLEGHENY  RIVER  AT  PITTSBURGH 


By  A.  A.  Henderson* 

BRIDGING  NAVIGABLE  STREAMS 

Rock  Island  Bridge  Case.  In  May,  1856,  the  steamboat 
Effie  Alton  struck  one  of  the  piers  of  the  Rock  Island  bridge 
over  the  Mississippi  River,  and  was  wrecked  and  burned.  One 
pier  of  the  bridge  was  also  destroyed.  The  boat  owners  sued  the 
bridge  company,  alleging : 

1.  That  the  river  was  the  great  highway  for  the  com¬ 
merce  of  the  valley,  and  could  not  legally  be  obstructed  by  a 
bridge. 

2.  That  this  particular  bridge  was  so  located  with 
reference  to  the  channel  of  the  river  at  that  point  as  to  make 
it  a  peril  to  all  water  craft  navigating  the  river  and  an  un¬ 
necessary  obstruction  to  navigation. 

The  first  proposition  had  not  at  that  time  been  directly  passed 
upon  by  the  Supreme  Court  of  the  United  States,  and  the  case 
was  felt  to  involve  the  future  course  of  western  commerce. 

Right  to  Bridge  Established  by  Lincolns  Arguments.  We 
should  find  the  arguments  for  the  defense  of  peculiar  interest  at 
this  time  because  of  the  points  involved,  and  especially  so  because 
the  main  arguments  were  presented  by  Abraham  Lincoln,  whose 
clear  statements  and  logical  conclusions  resulted  in  the  court  fully 
sustaining  the  right  to  bridge  so  long  as  it  did  not  unnecessarily 
obstruct  navigation. 

He  contended  that  one  man  had  as  good  a  right  to  cross  a 
river  as  another  had  to  sail  up  or  down  it;  that  these  were  equal 
and  mutual  rights  which  must  be  exercised  so  as  not  to  interfere 
with  each  other,  like  the  right  to  cross  a  street  or  highway  and 
the  right  to  pass  along  it. 


♦Assistant  County  EIngineer,  Allegheny  Co..  Pittsburgh. 
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From  'this  undeniable  right  to  cross  the  river  he  then  pro¬ 
ceeded  to  discuss  .the  means  for  crossing.  Must  it  always  be  by 
canoe  or  ferryboat?  Must  the  products  of  all  the  boundless  fertile 
country  lying  west  of  the  river  for  all  time  be  compelled  to  stop 
on  its  western  bank,  be  unloaded  from  the  cars  and  loaded  upon 
a  boat,  and  after  the  transit  across  the  river  be  reloaded  into  cars 
on  the  other  side,  to  continue  the  journey  east?  A  bridge  with 
piers,  he  declared,  was  a  necessity  in  railroad  engineering  for 
getting  across  the  Mississippi  River.  There  was,  he  said,  no 
practicability  in  the  project  of  building  a  tunnel  under  tbe  river, 
for  there  “is  not  a  tunnel  that  is  a  successful  project  in  this  world”. 
A  suspension  bridge  cannot  be  built  so  high  but  that  the  chimneys 
of  the  boats  will  grow  up  till  they  cannot  pass.  The  steamboat 
men  will  take  pains  to  make  them  grow.  The  cars  of  a  railroad 
cannot  without  immense  expense  rise  high  enough  to  get  even 
with  a  suspension  bridge  or  go  low  enough  to  get  through  a 
tunnel ;  such  expense  is  unreasonable.* 

As  a  result  of  the  court  .decision  in  this  notable  case,  land 
traffic  has  been  conceded  the  right  of  crossing  rivers  by  means 
of  bridges,  usually  constructed  with  piers. 

The  ingenuity  and  resourcefulness  of  American  engineers 
have  developed  a  variety  of  construction  seeking  to  attain  economi¬ 
cal  bridges  with  the  minimum  of  inconvenience  to  land  traffic  and 
avoiding  unreasonable  obstruction  to  water  traffic. 


RAISING  OF  LOCAL  BRIDGES 


It  is  assumed  that  practically  all  of  those  interested  in  this 
discussion  are  also  familiar  with  events  resulting  in  the  present 
decree  of  the  War  Department  regarding  certain  Pittsburgh 
bridges,  and  a  brief  recital  of  outstanding  features  will  be  suf¬ 
ficient. 

Raising  the  Pittsburgh  bridges  which  span  the  Allegheny 
River  has  been  agitated  since  1903.  Numerous  hearings  and  in¬ 
vestigations  have  been  conducted  by  the  United  States  War  De- 


♦From  Life  of  Abraham  Lincoln  by  Ida  M.  Tarbell.  Doubleday.  New 
York.  1900;  and  Life  and  Works  of  Abraham  Lincoln.  Centenary  Edition. 
Edited  by  Marion  Mills  Miller.  Current  Literature  Pub.  Co.,  New  York. 
1907. 
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partment.  These  have  terminated  in  the  decree  of  the  Secretary 
of  War — issued  March  *23,  1917;  suspended,  March  1918;  and 
revived  March  10,  1919 — which  declares  that  the  present  bridges 
are  obstructions  and  must  be  altered  by  changing  spans  and  in¬ 
creasing  heights  above  water. 

It  is  thus  ordered  that  the  following  schedule  be  observed 
in  the  alteration  of  the  bridges: 


Bridge 


Work  commenced 
before 


Work  completed 
before 


Sixth  Street 
Seventh  Street 
Ninth  Street 
Thirtieth  Street 
Forty-third  Street 


April  2.  1921 
April  2,  1920 
April  2.  1920 
April  2,  1922 
April  2,  1919 


April  2,  1923 
April  2.  1922 
April  2.  1922 
April  2,  1924 
April  2.  1921 


The  Sixteenth  Street  obstruction  to  navigation  was  removed 
when  the  bridge  was  burned,  April  23,  1918  and  a  new  bridge, 
satisfactory  to  the  War  Department,  is  now  under  construction  at 
Sixteenth  Street. 

The  Thirtieth  Street  bridge  was  partly  destroyed  by  fire  July 
<8,  1921.  Plans  for  reconstruction  contemplate  the  elimination  of 
railway  grade  crossings.  This  will  place  the  proposed  structure 
at  the  elevation  required  by  the  War  Department,  and  the  result¬ 
ing  type  of  construction  will  involve  nothing  unusual. 

Plans  have  been  completed  for  a  new  bridge  at  Fortieth 
Street.  This  will  cross  railway  tracks  above  grade  and  be  at  an 
elevation  satisfactory  to  the  War  Department.  This  proposed 
bridge  will  replace  the  Forty-third  Street  bridge,  and  the  latter 
will  then  be  abandoned  and  removed. 

The  problem  now  remains  to  determine  what  type  of  con¬ 
struction  (subject  to  approval  of  tlie  War  Department)  will  best 
serve  the  various  interests  concerned  in  the  reconstruction  of  the 
Sixth  Street,  Seventh  Street,  and  Ninth  Street  bridges. 

Lincoln’s  grasp  of  the  subject  is  shown  by  his  discussion  of 
the  four  available  methods  of  effecting  a  stream  crossing. 


1.  Tunnel. 

2.  Boat. 

3.  Low  bridge  (with  draw  and  piers). 

4.  High  bridge  (spanning  river  clear  of  boats). 
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His  arguments  established  before  the  court  that  the  third 
type — low  bridge  with  draw  and  piers — afforded  a  just  recogni¬ 
tion  of  the  equal  and  mutual  rights  to  cross  a  stream  and  to  sail 
up  and  down  it.  It  is  a  matter  of  interest  that  this  type  of  con¬ 
struction  has  received  a  minimum  amount  of  consideration  in 
dealing  with  our  local  problem. 


MOVABLE  BRIDGES 


Prevalency.  Any  kind  of  a  movable  bridge  is  a  novelty  to  a 
majority  of  our  citizens,  and  because  we  do  not  see  one  daily  we 
might  conclude  that  this  type  of  bridge  is  unusual.  Such  is  not 
the  case,  however,  for  records  indicate  that  a  complete  list  of 
bridges  over  navigable  streams  would  include  many  movable 
structures.  Not  having  such  a  list,  this  conclusion  is  based  upon 
the  results  of  a  search  of  the  acts  of  Congress.  These  are  used  as 
the  best  available  source  of  information,  since  a  special  act  is 
necessary  to  permit  the  erection  of  each  separate  bridge. 

The  56th  and  57th  Congresses*  passed  108  acts  authorizing 
a  like  number  of  bridges,  designated  as  follows: 


Type 


Number  Per  cent. 


High  (Clear  of  water  craft)  8 

Draw  (movable  structures)  33 

High  or  draw  (optional  with 

builder)  26 

Type  not  specified  41 


7  per  cent. 

31  per  cent. 

24  per  cent.  (Doubtless  include 
38  per  cent,  jboth  types 


Tennessee  River  Bridge  Acts.  The  Tennessee  River  was  in¬ 
vestigated  as  a  specific  case.  This  stream  is  three  times  the 
length  of  the  Allegheny  and  drains  more  than  twice  the  territory. 
Within  the  last  35  years,  45  acts  have  been  passed  authorizing 
bridges  over  this  stream,  as  follows  : 


Type 


Number  Per  cent. 


Draw  19 

Hisrh  or  draw  (optional  with  builder)  9 

Type  not  specified  17 


42  per  cent. 
20  per  cent. 
38  per  cent. 


Prominent  in  the  above  list  is  the  Illinois  Central  Railroad 


*The  acts  of  the  56th  and  57th  Congresses  are  chosen  for  reference 
because  they  represent  the  latest  date  to  which  the  acts  referring  to 
bridges  over  navigable  streams  have  been  compiled. 
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bridge  at  Galbertsville,  Kentucky.  'This  is  a  draw-bridge,  not  far 
above  the  mouth  of  the  stream. 

It  is  admitted  that  not  all  bridges  authorized  by  Congress 
are  built.  A  list  of  existing  structures  would  probably  show  some 
variation  from  the  figures  just  given.  The  information  is  suf¬ 
ficient,  however,  to  justify  the  statement  that  there  is  a  wide¬ 
spread  demand  for  bridges  of  the  movable  type,  and  that  Con¬ 
gress  has  recognized  this  demand  and  is  permitting  the  erection 
of  such  bridges  over  many  important  rivers. 

Movable  Bridge  a  Compromise.  It  is  physically  possible  to 
build  each  bridge  high  enough  to  allow  all  water  traffic  to  pass 
beneath,  but  in  many  cases  this  would  make  the  cost  prohibitive 
and  would  erect  a  financial  barrier  to  the  proper  expansion  of 
land  traffic.  Going  to  the  other  extreme,  a  very  material  reduc¬ 
tion  in  cost  would  result  from  building  bridges  without  regard  to 
accommodating  water  craft.  This  would  erect  a  physical  barrier 
to  the  movement  of  boats. 

To  secure  the  combined  welfare  of  both  land  and  water  traf¬ 
fic.  mutual  concessions  are  necessary  and  a  movable  bridge  fre¬ 
quently  becomes  the  only  solution.  Every  movable  bridge  is  thus 
a  compromise.  Economy  compels  the  adoption  of  this  type  of 
structure,  and  even  though  all  such  bridges  now  in  use  obstruct 
both  land  and  water  traffic,  the  advantages  they  otherwise  afford 
make  their  use  desirable.  Having  in  mind  the  practice  of  con¬ 
structing  movable  bridges  over  similar  streams  for  the  sake  of 
economy,  we  are  justified  in  investigating  the  possibilities  of  this 
type  of  construction  for  the  Allegheny  River.  If  the  advantages 
of  convenience  and  economy  outweigh  the  disadvantages  of  traffic 
interruption  so  greatly  as  to  make  existing  types  of  movable 
bridges  worthy  of  consideration,  it  follows  that  a  modified  con¬ 
struction,  free  from  the  annoyance  of  traffic  interruption  and  still 
affording  all  the  advantages  enjoyed  by  movable  bridges,  is  worthv 
of  serious  consideration.  The  results  just  indicated  may  he  ob¬ 
tained  by  means  of  the  continuous-traffic  lift  bridge. 
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LIMITATIONS  IN  CONSTRUCTING  NEW  BRIDGES 

Clearance  and  Grades.  A  study  of  the  testimony,  findings 
and  decree  resulting  from  the  various  hearings  upon  the  Alle¬ 
gheny  River  bridges  reveals  the  following  limitations  established 
for  the  reconstruction  of  these  bridges: 

1.  The  United  States  Engineers,  after  hearing  testi¬ 
mony  and  measuring  the  heights  of  river  boats,  determined 
that  33  feet  is  the  clearance  necessary  for  water  craft  upon 
the  Allegheny  River;  and  that  the  bridges  should  be  built  at 
an  elevation  high  enough  to  provide  this  clearance  until  the 
water  reaches  the  20-foot  stage,  at  which  stage  the  locks  are 
no  longer  in  use. 

2.  Engineers  for  the  city  and  county  were  united  in 
the  opinion  that  the  maximum  allowable  grade  upon  the 
bridges  should  not  exceed  three  per  cent. 

Each  of  the  foregoing  conclusions  proceeds  from  engineers 
who,  by  training  and  experience,  must  be  considered  well  quali¬ 
fied  to  pass  judgment  within  their  respective  fields. 

Limitations  Satisfactorily  Observed  by  Continuous  Lift.  To 
reconstruct  the  bridges  in  accordance  with  the  limitations  just  men¬ 
tioned  would  involve  an  extensive  revision  of  our  street  grades 
and  result  in  property  damages  estimated  at  from  six  to  ten  mil¬ 
lions  of  dollars. 

The  continuous-traffic  lift  bridge  has  been  proposed  as  a  sat¬ 
isfactory  solution.  It  may  be  built  with  spans  of  the  lengths  re¬ 
quired  by  the  War  Department ;  it  permits  unobstructed  passage 
for  water  craft  at  all  navigable  stages ;  it  does  not  interrupt  traffic 
over  the  bridge ;  it  provides  an  average  roadway  grade  materially 
less  than  the  specified  maximum  of  three  per  cent. ;  and  it  ac¬ 
complishes  these  results  without  any  material  alteration  in  street 
grades  or  damages  to  abutting  properties. 
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THE  CONTINUOUS-TRAFFIC  LIFT  BRIDGE 

Local  Application.  The  superstructure  of  the  proposed 
bridge  would  be  placed  33  feet  above  the  ordinary  stage  of  water, 
known  as  pool-full  stage.  This  is  substantially  the  height  of  the 
three  present  bridges. 

At  each  of  the  two  piers  would  be  installed  some  mechanism 
(hydraulic  lift  contemplated)  capable  of  raising  and  lowering  the 
portion  of  the  bridge  supported  by  each  pier.  The  superstructure 
could  then  be  raised  and  lowered  as  the  water  in  the  stream  rises 
and  falls,  keeping  the  structure  33  feet  above  the  surface  of  the 
water  at  all  times. 

Raising  the  entire  channel  span  and  tilting  the  adjoining 
spans  at  the  same  time,  permit  traffic  to  pass  over  the  bridge  at 
all  times,  whatever  position  the  bridge  may  occupy.  The  33-foot 
clearance  is  maintained  in  the  channel  span  only. 

The  masonry  and  superstructure  of  the  proposed  bridge 
will  he  substantially  the  same  as  that  required  for  a  fixed  bridge 
of  the  same  length  and  spans.  The  only  additional  expense  for  tiic 
former  is  the  cost  of  installing  the  necessary  mechanism  for 
operation.  The  hydraulic  lift,  though  possibly  not  the  cheapest 
mechanism,  will  apparently  be  the  most  effective  and  satisfactory, 
but  other  means  may  be  employed  if  desired.  If  there  be  no  oc¬ 
casion  to  operate  at  a  speed  greater  than  the  rate  at  which  the 
river  rises  and  falls,  the  cost  of  installation  and  operation  will 
be  materially  less  than  if  it  should  he  necessary  to  provide  for 
frequent  and  rapid  operation.  ' 

Bridge  Attendants.  The  necessity  of  employing  operators 
for  a  movable  bridge  should  not  he  considered  as  introducing  a 
new  feature  in  the  maintenance  of  local  bridges.  The  present 
bridges  are  under  the  constant  supervision  of  persons  employed 
for  that  special  purpose  and  this  practice  will  doubtless  be  con¬ 
tinued  with  respect  to  the  new  bridges,  regardless  of  the  tvpe 
erected.  By  judicious  selection  and  a  proper  assignment  of 
duties,  the  attendants  required  for  the  movable  bridges  need  not 
differ  greatly  in  number  from  the  force  that  otherwise  would  be 
employed. 
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The  proximity  of  the  three  bridges  to  each  other  affords  an 
opportunity  to  simplify  operation  and  reduce  costs.  In  consider¬ 
ing  the  cost  of  maintenance  it  is  essential  to  remember  that  opera¬ 
tions  will  probably  be  infrequent  and  limited  in  extent,  and  that 
not  the  least  important  duty  will  be  to  prevent  deterioration  of 
equipment  during  long  periods  the  bridge  may  remain  at  rest. 

Operation  of  Bridge  in  Relation  to  Length  of  Roadzvay.  The 
roadway  of  the  bridge  will  lengthen  when  the  bridge  is  elevated. 
Apparently  the  most  satisfactory  movement  of  the  tilting  span 
will  result  from  the  point  of  support  at  the  pier  end  of  the  span 
moving  in  a  vertical  plane,  and  the  other  point  of  support  at  the 
shore  end  moving  in  a  horizontal  plane.  This  will  result  in  the 
separation  of  the  floor  (caused  by  the  raising  of  the  bridge)  be¬ 
ing  about  equally  distributed  between  the  two  ends  of  the  tilting 
span.  The  maximum  amount  of  separation  will  average  about 
three  inches  for  a  bridge  of  the  dimensions  under  consideration. 
It  will  he  seen  that  the  separation  of  roadway,  caused  by  raising 
the  bridge,  introduces  no  feature  which  is  not  already  encountered 
at  the  expansion  joints  of  all  large  bridges. 

Adoption  Subject  to  Approval  by  War  Department.  The 
question  properly  arises  as  to  whether  the  continuous-traffic  lift 
bridge  has  any  features  which  would  justify  the  War  Department 
in  withholding  approval.  Prevailing  practice  indicates  that  the  De¬ 
partment  must  be  assured  that  such  a  bridge  would  not  become 
an  “unreasonable  obstruction"  to  navigation  and  that  its  erec¬ 
tion  would  result  in  substantial  advantages  to  traffic. 

The  advantages  arising  from  economical  construction  have 
already  been  discussed  at  sufficient  length. 

Obstruction  to  Navigation.  In  determining  whether  a  bridge 
offers  “unreasonable  obstruction"  to  navigation,  the  two  main 
features  to  be  investigated  are: 

1.  The  horizontal,  or  lateral,  encroachment  and  result¬ 
ant  obstruction  caused  by  location  of  piers  within  that  por¬ 
tion  of  a  stream  which  is  navigable,  either  continuously  or 
during  certain  stages  of  water. 

2.  The  overhead,  or  vertical,  encroachment  and  result- 
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ant  obstruction  caused  by  the  superstructure  extending  be¬ 
low  the  height  necessary  for  the  free  passage  of  water  craft. 

Bridge  piers  placed  within  navigable  water  constitute  such 
a  well  known  menace  to  navigation  that  the  location  of  each  one 
is  carefully  studied  by  the  federal  authorities  and  each  pier  is 
subject  to  strict  requirements  as  to  rip-rap,  pier  protection,  navi¬ 
gation  lights,  etc. 

If  a  single  span  extending  across  the  full  width  of  stream 
were  equally  as  convenient  for  land  traffic,  and  no  more  expensive, 
it  is  beyond  dispute  that  no  bridge  piers  would  be  permitted  with¬ 
in  limits  ever  used  by  water  craft.  It  follows  without  argument 
that  wherever  bridge  piers  are  permitted  within  such  limits,  it 
is  an  acknowledgment  of  the  rights  of  land  traffic  to  convenience 
and  economy  in  erecting  bridges,  even  though  it  results  in  a 
measure  of  obstruction  to  navigation.  By  the  same  reasoning  the 
consent  to  overhead  obstruction,  arising  from  movable  bridges, 
may  be  said  to  be  a  similar  acknowledgment  of  the  rights  of 
land  traffic. 

The  War  Department,  in  making  its  present  decree,  has 
taken  the  position  that  the  community’s  right  to  build  bridges 
with  greater  convenience  and  economy  is  of  such  importance  that 
water  craft  on  the  Allegheny  River  must  submit  to  the  undeni¬ 
able  restriction  and  obstruction  which  will  arise  from  the  exist¬ 
ence  of  two  piers  reducing  the  natural  channel  at  each  bridge 
site. 

When  it  becomes  apparent,  through  a  fully  developed  de¬ 
sign  if  need  be,  that  the  proposed  new  type  of  bridge  affords  a 
convenience  and  economy  greater  perhaps  than  that  already 
obtained  from  the  permission  to  construct  piers;  that  it  conforms 
to  the  span  lengths  and  clearances  required,  and  introduces  no 
material  obstruction  in  addition  to  that  already  conceded  through 
the  erection  of  piers;  and  that  it  admits  of  a  design  which  assures 
operation  no  less  reliable  than  that  required  in  other  movable 
bridges,  it  would  not  be  considered  inconsistent  with  previous 
action  if  the  W  ar  Department  should  grant  the  slight  concession 
of  permitting  the  bridge  to  be  built  in  such  a  manner  that  the 
superstructures  might  be  lowered  whenever  a  low  stage  of  water 
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may  make  it  unnecessary  for  the  bridge  to  remain  at  its  high 
elevation. 

Importance  of  Expert  Design.  Before  submitting  the  matter 
to  the  War  Department  for  approval,  it  is  essential  that  detailed 
plans  be  prepared  by  some  person  of  such  wide  experience  that 
the  War  Department  will  not  hesitate  to  recognize  the  resultant 
design  as  dependable  and  authoritative. 

Fig.  1  shows  fluctuation  of  the  Allegheny  River  at  Pittsburgh 
for  a  continuous  period  of  20  years.  It  furnishes  definite  data 


Fig.  1.  Fluctuation  of  Water  Stage  in  Pittsburgh  Harbor. 


on  the  subject  of  floods — their  height,  frequency  and  infrequency 
at  different  periods  of  the  year,  and  similar  information. 

It  is  noteworthy  that  each  year  has  a  period  of  low  water 
and  negligible  fluctuation  extending  through  several  months,  fre¬ 
quently  more  than  half  of  the  year.  The  continuous-traffic  lift 
bridge  is  adapted  to  take  full  advantage  of  this  condition. 

Fig.  2  confirms  the  general  impression  that  the  greatest  num¬ 
ber  of  floods  occur  during  the  first  three  months  of  the  year.  It 
also  shows  that  outside  of  these  first  three  months,  the  stage  has 


STAGE  OF  WATER  IN  FEET  STAGE  OF  WATER  IN  FEET 
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exceeded  20  feet  only  10  times  in  20  years,  which  indicates  that 
during  the  period  from  March  to  January  the  probability  that  the 
water  will  never  reach  the  20-foot  stage  is  as  great  as  rhc  prob¬ 
ability  that  it  will  exceed  that  stage.  It  shows  that  during  the 
20-year  period  the  Allegheny  has  never  reached  the  20- foot  stage 
from  May  till  November. 

The  lower  part  of  the  sketch  shows  the  comparatively  few 
days  of  water  in  the  higher  stages  and  the  many  months  of  low 

water. 

The  following  prediction  of  annual  floods  is  offered  with  i 
full  realization  that  any  such  schedule  produced  will  show  wide 


AVERAGE  MONTHS 


Fig.  2.  Average  Duration  of  Water  Stages  in  Pittsburgh  Harbor. 


variations  when  compared  with  exceptional  years;  nevertheless, 
it  shows  the  conditions  which  will  prevail  through  a  continuous 
period  of  years : 


The  20-year  record  indicates  the  probability 
annually  which  will  exceed  the  14-foot  stage, 
heights  of  these  floods  are,  respectively,  28.0,  22.0, 


of  six  floods 
The  probable 
19.5,  17.0,  15.5, 


and  14.5  feet. 
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Fig.  3  is  constructed  solely  for  the  purpose  of  illustrating 
the  controlling  features  of  the  continuous-traffic  lift  bridge. 

Since  the  vertical  scale  is  greatly  exaggerated  in  comparison 
with  the  horizontal,  no  attempt  is  made  to  suggest  finished  out¬ 
line  of  structure  or  details  of  design. 

The  sketch  shows  results  which  may  be  obtained  at  the  site 
of  the  Sixth  Street  bridge,  without  disturbing  streets. 


Fig.  3.  Proposed  New  Type  of  Movable  Bridge  to  Span  Allegheny 

River  at  Pittsburgh. 


Table  I  shows  the  average  duration  of  various  water  stages 
in  the  Allegheny  River,  and  the  consequent  variation  in  grade 
on  the  proposed  bridge. 


TABLE  I.  WATER 

STAGES  AND  RESULTANT 
BRIDGES 

GRADE  ON 

Water  stage 

Average  duration  in 

Per  cent,  grade 

in  feet 

days  per  year 

on  shore  spans 

6  or  less 

184.7 

1.5 

6  to  8 

108.9 

1.8 

8  to  10 

24.7 

2.4 

10  to  12 

17.9 

3.0 

12  to  14 

9.7 

3.6 

14  to  16 

7.0 

4.2 

16  to  18 

4.4 

4.8 

18  to  20 

2.9 

5.4 

20  or  more 

3.9 

5.7 

i 
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Fig.  4  shows  proposed  piers  and  abutments  for  each  of  the 
three  bridges,  located  as  required  by  decree  of  the  W  ar  Depart¬ 
ment.  It  also  gives  a  connected  plan  of  streets  on  either  side  of 

the  river. 

Fig.  5  (folding  plate)  shows,  by  profile,  results  which  may 
be  obtained  by  constructing  fixed  bridges  at  the  elevations  re¬ 
quired  by  decree  of  the  W  ar  Department ;  and  not  exceeding  three 
per  cent,  grade  on  the  roadways  of  the  bridges.  This  will  elevate 
the  grade  of  Duquesne  Way,  ranging  from  6.85  feet  at  Sixth 
Street  to  11.17  feet  at  Seventh  Street ;  and  make  necessary  the  ele¬ 
vating  of  Pennsylvania  Railroad  tracks  ranging  from  6.96  feet  at 
Seventh  Street  to  7.62  feet  at  Ninth  Street. 

Fig.  6  (folding  plate)  shows  results,  by  profile,  which  may 
be  obtained  by  use  of  the  continuous-traffic  lift  bridge  at  each 
of  the  three  sites.  Six  per  cent,  is  the  maximum  grade  adopted 
for  the  tilting  spans  in  the  highest  position.  This  would  create  no 
change  in  street  grade  on  Duquesne  Way  at  Sixth  Street,  and 
but  slight  changes  at  Seventh  and  Ninth  Streets.  This  plan 
makes  it  unnecessary  to  raise  the  overhead  Pennsylvania  Rail¬ 
road  tracks.  The  Baltimore  &  Ohio  Railroad  tracks  control  grades 
at  the  northerly  end  of  each  bridge. 
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Proposed  Piers  and  Abutments  Located  in  Compliance  with 
Order  of  War  Department. 
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DISCUSSION' 


Mr.  C.  M.  Reppert  :*  In  the  reconstruction  of  the  three 
Allegheny  River  bridges  the  public  is  interested  in  the  following 
important  points : 

1.  The  cost  of  the  river  spans  as  reflected  in  taxation. 

2.  The  adequacy  of  the  bridges,  with  respect  to  provision 
for  required  capacity  and  speed  of  traffic. 

3.  The  grade  of  the  approaches  and  of  the  bridge  floor  as 
restricting  the  free  movement  of  traffic  and  the  loading  of  vehicles. 

4.  The  cost  of  approaches,  the  damages  incurred  thereby, 
and  the  resultant  effect  upon  the  grades,  traffic,  and  business  con¬ 
ditions  on  streets  affected. 

5.  A  reasonably  clear  channel  for  the  operation  of  river 
craft  at  all  times  when  river  navigation  is  feasible. 

6.  The  proper  planning  of  the  bridges  with  respect  to  pos¬ 
sible  development  of  the  wharf  by  means  of  dock  walls  or  other 
structures,  and  the  effect  upon  new  thoroughfares  located  along 
the  river  fronts. 

These  are  all  most  important  questions  and  worthy  of  the 
most  thorough  consideration  and  should  all  be  settled  to  the  gen¬ 
eral  satisfaction  of  the  community  before  definite  plans  are  fin¬ 
ally  adopted. 

As  to  the  first  of  these  points — that  of  the  cost  of  the  river 
spans — the  technical  study  of  the  problem  lies  in  the  hands  of  the 
county  commissioners  and  the  paper  of  the  evening  presents  a 
most  interesting  solution,  provided  the  solution  it  offers  at  the 
same  time  answers  the  other  requirements. 

As  the  life  of  the  proposed  bridges  will  cover  several  decades, 
the  adequacy  of  the  structures  with  respect  to  width  of  roadway 
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should  be  checked  carefully  with  present  and  future  traffic  require¬ 
ments,  particularly  the  development  of  new  outlets,  the  growth 
of  warehouse  districts  and  like  matters.  Lack  of  width  of  road¬ 
way  may  easily  restrict  growth  of  an  important  section  of  the  city 
or  discourage  through  traffic  in  such  a  way  as  to  restrict  the  de¬ 
velopment  of  the  whole  community  by  intensifying,  at  greater 
expense,  development  of  other  sections.  The  comparative  ad¬ 
vantages  and  economy,  particularly  the  saving  in  a  deferred  in¬ 
vestment  of  building  an  additional  bridge  or  bridges  at  some 
later  time  when  traffic  conditions  warrant,  should  be  compared 
with  the  cost  of  widening  the  roadway  of  any  of  the  presen: 
bridges. 

Grade  lines  are  most  important — in  the  first  place,  in  creat¬ 
ing  obstructions  to  traffic  in  many  ways.  If  the  grades  are  too 
heavy,  interruptions  to  traffic  are  likely  to  occur,  dependent,  of 
course,  upon  the  character  and  volume  of  the  traffic  and  the 
nature  of  the  pavement,  and  also  upon  the  number  of  traffic  lines. 
There  must  be  a  certain  relation  between  the  cost  of  obtaining  a 
certain  gradient  and  the  usability  of  the  roadway  with  respect  to 
traffic — in  other  words,  a  truly  economic  gradient.  Minimum 
grades  on  a  bridge  are  subject  to  somewhat  different  conditions 
from  those  on  a  bridge  approach  or  highway,  for  the  reason  that 
the  roadway  surface  is  more  subject  to  sudden  freezing  and  ex¬ 
cessive  slipperiness. 

The  plan  for  the  movable  bridges  shows  that  a  grade  of  six 
per  cent,  will  be  imposed  during  periods  of  extreme  high  water. 
Very  careful  consideration  should  be  given  to  this  feature  before 
the  plans  are  adopted.  The  possible  restriction  and  inconvenience 
to  traffic  should  be  compared  with  the  saving  effected  by  the 
proposition. 

A  most  important  requirement,  if  the  lift  type  is  adopted, 
is  that  the  break  between  the  six  per  cent,  and  the  1.4  per  cent, 
grades  be  accomplished  by  means  of  a  gradual  vertical  curve,  as 
a  sudden  break  in  grade  leads  to  serious  accidents.  The  permis¬ 
sible  gradient  of  the  bridge  should  not  he  based  upon  the  now 
prevalent  types  of  bridge  pavements,  such  as  asphalt,  asphaltic 
concrete,  and  wood  block.  Brick  pavement,  including  beveled 
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brick  and  various  types  of  block  stone  can  lie  considered,  and  the 
limiting  gradient  thereby  raised.  The  serviceability  of  these  pave¬ 
ments  combined  with  maintenance  and  special  treatment  during 
slippery  weather  may  be  further  considered. 

The  cost  of  the  approaches  is  to  be  considered  under  two 
main  headings — first,  the  physical  cost,  which  generally  is  not 
the  most  important  factor;  and,  second,  the  damages  incurred 
thereby.  The  plans  for  the  fixed  bridges,  conforming  to  the  War 
Dq>artment  requirements,  would  impose  very  considerable  dam¬ 
ages  due  to  raising  of  the  grades  of  approach  streets  which  gen¬ 
erally  have  high  value  and  are  improved  with  costly  buildings. 

The  required  changes  in  the  Duquesne  Way  elevated  rail¬ 
road  of  the  Pennsylvania  Railroad  Company  would  be  very  great 
and  the  legal  questions  involved  should  be  carefully  considered, 
'fhe  grades  imposed  on  the  approach  streets  by  the  fixed  bridge 
type  are  not  excessive.  Incidental  costs  of  changing  the  grade  of 
Duquesne  Way  throughout  so  as  to  provide  a  future  broad  high¬ 
way  should  also  be  considered. 

The  necessity  for  including  the  planning  of  the  bridges  in 
the  general  planning  of  the  down-town  district  is  clearly  indi¬ 
cated,  in  order  to  build  the  city  in  conformity  with  a  wise  and 
economic  program. 

Mr.  Richard  Khuen  :*  This  discussion  will  be  confined 
entirely  to  the  practicability  of  this  scheme  from  an  engineering 
standpoint. 

The  longest  structure  to  be  dealt  with  is  the  Sixth  Street 
crossing — one  418-foot  channel  span  and  two  304-foot  spans,  one 
at  each  end  of  the  channel  span;  the  418-foot  span  to  go  up  in 
a  horizontal  position  and  the  304-foot  spans  to  be  tilted.  The  total 
height  to  be  lifted  is  14  feet.  In  order  to  arrange  properly  the 
expansion,  due  to  temperature,  the  structure  will  have  to  be  fixed 
on  one  of  the  main  piers  with  expansion  arrangements  at  the 
other  pier  and  at  the  abutments.  The  14-foot  lift  on  the  piers 
will  cause  a  slight  movement  at  the  shore  ends  of  the  301-foot 
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spans.  The  design  of  these  ends  can  be  so  arranged  as  to  make 
this  opening  negligible.  The  main  opening  will  be  due  to  tem¬ 
perature  expansion,  which  will  be  the  amount  due  to  122  feet 
of  steelwork  at  one  end  and  304  feet  at  the  other.  This  is  not 
at  all  unusual  and  no  doubt  a  proper  expansion  joint  in  the 
floor  can  be  arranged.  As  far  as  the  piers  in  the  river  are  con¬ 
cerned,  it  may  be  necessary  to  increase  the  width  of  the  pier 
sliightly  at  the  fixed  point  to  take  care  of  the  total  longitudinal 
forces  but  this  increase  will  undoubtedly  be  small. 

The  total  load  on  each  of  the  main  river  piers  would  be 
about  2800  tons,  which  includes,  of  course,  an  allowance  for 
live  load.  While  several  methods  of  raising  can  be  devised,  I 
believe  the  best  arrangement  would  be  two  hydraulic  jacks  on  each 
pier,  directly  under  the  line  of  the  trusses,  these  four  hydraulic 
jacks  to  be  placed  in  an  inverted  position  so  that  their  bases 
would  be  attached  to  the  movable  span  and  all  jacks  operated 
from  one  hydraulic  pump  placed  in  the  power-house  in  the  middle 
of  the  main  river  span  above  the  required  clearance  line  of  the 
traffic.  These  four  jacks  must  be  automatically  controlled  so 
that  they  will  raise  the  span  uniformly  at  the  four  points.  This 
can  readily  be  done  by  automatic  cut-offs,  which  will  shut  off 
the  water  from  any  one  of  the  jacks  which  has  a  tendency  to  move 
ahead  of  the  others.  Based  on  an  ordinary  working  pressure  of 
3000  pounds  and  a  maximum  of  4000  pounds,  the  plungers  of 
these  jacks  will  be  about  32  inches  in  diameter,  and  the  cylinders 
about  48  inches  in  diameter  The  run-out  of  the  jacks  will  have 
to  be  14  feet,  which  will  make  the  construction  of  the  cylinders 
somewhat  difficult,  but  this  can  doubtless  be  successfully  accom- 
plished.  It  is,  of  course,  understood  that  at  the  fixed  pier  these 
jacks  can  have  ordinary  square  bases,  but  at  the  expansion  pier 
they  would  have  to  be  carried  on  pins  or  trunnions  so  as  to  allow 
for  the  expansion  of  the  span. 

It  is  manifest  that  after  the  spans  have  been  lifted  to  the 
desired  height,  some  arrangement  should  be  made  to  carry  the 
load,  so  that  the  jacks  could  be  relieved,  as  it  would  not  be  ad¬ 
visable  to  carry  the  load  on  the  water  for  anv  great  length  of  time. 
This  could  readily  be  done  by  placing  screws  as  close  to  the  jacks 
as  practicable  at  the  four  points.  These  screws  could  be  operated 
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by  power  and  their  only  function  would  be  to  act  as  a  follow-up 
for  the  jacks,  so  that  the  load  could  be  transferred  to  these  screws 
whenever  the  span  reached  the  proper  height.  The  screws,  there¬ 
fore,  would  carry  only  a  static  load  and  would  probably  be  from 
18  to  20  inches  in  diameter.  They  could,  of  course,  have  square 
bases  at  the  fixed  pier  but  would  have  to  be  carried  by  pins  or 
trunnions  of  some  kind  at  the  expansion  pier.  This  presents  no 
unusual  difficulty. 

So  far,  we  have  taken  care  of  raising  the  bridge  and  carry¬ 
ing  the  vertical  loads  only.  In  order  to  provide  for  the  horizontal 
forces,  both  transverse  and  longitudinal,  it  will  be  necessary  to 
have  short  guide  towers  at  the  ends  of  the  two  piers  and  adjacent 
to  the  trusses,  these  guide  towers  to  be  built  into  the  piers  practic¬ 
ally  forming  a  component  part  thereof.  They  would,  of  course, 
be  made  of  steel.  The  method  of  taking  care  of  these  forces 
by  projections  from  each  span  to  these  towers  presents  no  unusual 
difficulties,  it  being  understood  that  the  total  longitudinal  force 
would  have  to  be  taken  care  of  by  the  towers  on  the  fixed  pier. 
It  is  obvious  that  these  towers  would  not  have  to  he  very  high  as 
the  total  vertical  movement  of  the  spans  is  only  14  feet. 

If  thought  desirable,  an  emergency  hydraulic  jacking  outfit 
can  be  supplied  at  a  low  cost;  namely,  one  pump  and  four  jacks 
of  the  proper  capacity  with  about  a  two-foot  run  out  for  emer¬ 
gency  purposes.  These  jacks  could  he  used  on  blocking  in  the 
usual  manner  in  jacking  up  spans  in  case  the  pump  or  the  main 
jacks  fail. 

If  it  is  thought  desirable  or  economical  to  decrease  the  size 
of  the  jacks,  this  could  readily  be  done  by  partially  counterweight¬ 
ing  the  spans.  This  would  make  the  towers  at  the  two  ends  of  the 
main  river  piers  considerably  higher  and  would  probably  make 
it  more  difficult  to  give  the  structure  a  proper  architectural  ap¬ 
pearance.  The  details  would  have  to  lie  worked  out  before  this 
could  be  determined. 

Inasmuch  as  the  time  given  me  for  this  discussion  has  been 
very  limited,  I  can  give  only  approximate  ideas  of  the  size  of 
jacks,  etc.,  hut  from  these  results  I  believe  the  scheme  is  entirely 
practicable  from  an  engineering  standpoint. 
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Major  J.  F.  Bell:*  Mr.  Henderson  lias  presented  a  very 
interesting  paper  on  a  subject  of  live  interest.  Before  discussing 
his  plan  it  seems  advisable  to  set  forth  more  specifically  just  what 
the  orders  of  the  Secretary  of  War  require. 

The  Orders  of  the  Secretary  of  War .  The  Secretary  of 
War  has  issued  orders  that  certain  bridges  across  the  Allegheny 
River,  including  those  at  the  Sixth,  Seventh  and  Ninth  Street 
crossings,  Pittsburgh,  be  altered  so  as  to  permit  free  and  un¬ 
obstructed  navigation  on  that  stream. 

These  orders  were  issued  after  exhaustive  examinations  and 
hearings  had  demonstrated  that  the  bridges  in  question  are  an 
unreasonable  obstruction  to  the  navigation  of  the  Allegheny  River 
and  that  their  immediate  elevation  and  the  relocation  of  their  piers 
are  necessary  in  the  national  interest. 

Congress,  in  appropriating  money  for  the  improvement  of 
the  Allegheny  River  in  1913,  made  its  expenditure  dependent  on 
the  assurance  that  the  bridges  would  be  altered  in  compliance  with 
a  previous  recommendation  by  a  Board  of  Engineers.  The  al¬ 
terations  in  elevation  ordered  for  these  three  bridges  are  briefly 
as  follows : 

1.  The  Sixth  Street  bridge  is  to  be  raised  1.8  feet  at 
the  Pittsburgh  end,  1.6  feet  at  the  Allegheny  end,  and  13.7 
feet  in  the  middle. 

2.  The  Seventh  Street  bridge  need  not  be  raised  at 
either  end,  but  must  be  raised  12.6  feet  in  the  middle. 

3.  The  Ninth  Street  bridge  must  be  raised  0.4  of  a 
foot  at  each  end  and  14  feet  in  the  middle. 

Each  bridge  is  to  have  three  spans.  Details  will  not  be  given 
as  they  are  not  pertinent.  The  problem  under  discussion,  then,  is 
what  type  of  bridge  to  build  to  comply,  in  effect,  with  the  above 
orders,  and  provide  the  most  satisfactory  crossing  for  traffic. 

Solutions.  Mr.  Henderson  has  presented  a  very  ingenious 
and  interesting  solution  of  the  problem.  As  stated  by  him,  he 
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proposes  a  lift  bridge,  with  a  vertical  lift  in  each  pier.  By  this 
arrangement,  the  center  span  would  he  raised  vertically,  and  the 
shore  spans  would  have  their  river  ends  raised  vertically,  provi¬ 
sion  being  made  for  the  shore  ends  to  slide  or  roll  in  a  horizontal 

plane. 

In  considering  Mr.  Henderson's  method,  it  is  desirable  to 
have  some  other  solution  with  which  to  compare  it.  The  simplest 
and  most  obvious  solution  is  the  one  in  which  each  bridge  is 
raised  only  sufficiently  to  comply  with  the  orders  of  the  Secretary 
of  War  as  outlined  above.  For  convenience  in  reference,  let  us 
refer  to  this  as  the  “standard  plan". 

Assuming  the  center  section  180  feet  long  in  the  standard 
plan  to  be  level,  both  end  sections  of  the  Sixth  Street  bridge 
would  have  grades  of  4.35  per  cent. ;  the  end  sections  of  the 
Seventh  Street  bridge  would  have  grades  from  3.85  to  4.93  per 
cent.;  and  the  Ninth  Street  bridge  from  5.1  to  5.7  per  cent.  The 
cost  of  the  approaches  would  be  negligible.  If  a  deeper  door 
system  be  constructed  than  exists  at  present,  the  grades  would 
be  increased  somewhat  or  the  approaches  raised  correspondinglv. 
We  can  assume,  therefore,  a  maximum  grade,  in  the  standard 
plan  of  about  five  per  cent,  with  very  little  change  in  the  ap¬ 
proaches. 

Advantages  and  Disadvantages  of  the  Henderson  Plan  Coin- 
fared  with  the  Standard  Plan.  No  plan  has  yet  been  submitted 
to  the  War  Department  for  approval.  The  Chief  of  Engineers 
has  stated  to  the  county  engineer  that  if  plans  for  the  Henderson 
lift  bridge  be  submitted,  plans  complying  sitrictly  with  the  orders 
of  the  Secretary  of  War  should  be  submitted  at  the  same  time  with 
details  of  the  advantages  and  disadvantages  set  forth,  so  that  the 
matter  may  receive  full  and  careful  consideration.  Some  of  the 
points  that  should  be  covered  in  such  a  discussion  are  set  forth 
below. 

Certainly  Mr.  Henderson’s  plan  should  be  and  will  be  met 
with  minds  open  to  conviction  that  it  is  the  best  possible  solution. 
The  questions  asked  here  are  not  presented  in  the  nature  of  argu¬ 
ments  for  or  against  the  plan.  They  are  questions  that  must  be 
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considered  in  arriving  at  a  conclusion  as  to  whether  it  is  the  best 
solution  of  the  problem. 

1.  Why  is  a  grade  of  over  three  per  cent,  intolerable? 

The  grade  on  the  bridge  where  the  Boulevard  of  the  Allies 
crosses  the  Pennsylvania  Railroad  is  five  per  cent.  The  Bloom- 
held  bridge  is  a  very  long,  much  used  bridge  with  a  grade  of  four 
per  cent.  The  approaches  to  the  North  Side,  Point,  and  Smith- 
held  Street  bridges  are  from  4.25  to  five  per  cent.  Many  streets 
here  have  grades  of  from  5  to  15  per  cent. 

2.  How  much  money  will  be  expended  for  additional  power 
per  day  if  the  standard  type  bridge  is  built  instead  of  the  Hen¬ 
derson  lift  type? 

It  costs  about  half  a  cent  for  enough  gasoline  for  a  truck 
or  automobile  to  cross  one  of  these  bridges.  How  much  more 
gasoline  will  be  used  if  the  shore  spans  have  a  five  per  cent,  grade 
rather  than  a  1.5  per  cent,  grade?  If  a  25  per  cent,  increase  be 
assumed,  the  traffic  count  made  by  the  City  Planning  Commis¬ 
sion  would  indicate  an  increase  in  cost  for  power  per  day  for  the 
three  bridges  combined,  of  about  $15. 

3.  What  traffic  is  there  across  these  bridges  that  does  not 
have  to  be  powered  high  enough  to  make  a  five  per  cent,  slope 
elsewhere?  Are  many  trucks  in  Pittsburgh  loaded  so  heavily  that 
they  cannot  make  a  five  per  cent,  grade? 

4.  What  installations  and  machinery  will  the  Henderson 
lift  bridges  have?  How  much  will  they  cost?  How  much  should 
he  estimated  for  depreciation,  maintenance  and  operation,  and 
interest  on  investment? 

5.  How  reliable  will  the  lifts  he? 

Elevators  get  out  of  order;  so  do  ordinary  drawbridges. 
Lifting  heavy  trusses  on  jacks  is  a  rather  delicate  operation.  It 
is  here  proposed  to  lift  a  horizontal  and  two  inclined  trusses  in  ail 
kinds  of  weather,  with  varying  snow  and  moving  loads,  and  with 
eccentric  loading  due  to  varying  wind  pressures.  Operation  is 
menaced  also  by  the  possibility  of  a  pier  settling  out  of  plumb, 
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or  being  moved  or  inclined  by  the  effects  of  flood  or  ice  or  a  blow 
from  a  steamer  or  heavy  barge. 

If  one  of  the  six  lifts  be  out  of  commission,  the  river  will 
be  blocked.  Suppose  then,  for  the  sake  of  comparison,  that  an 
elevator  or  lift  is  in  operating  condition  nine-tenths  of  the  time. 

In  an  office  building,  served  by  six  elevators,  the  probability 
that  at  least  one  elevator  will  be  running  is  1 — (1/1 0,J )  or  999,999 
chances  out  of  a  million.  Under  the  same  hypothesis,  the  prob¬ 
ability  of  all  these  six  lifts  being  in  operation  so  that  boats  can 
pass  when  a  higher  elevation  is  recpiired  is  9G/10°  or  531,441  out 
of  a  million  or  only  about  1  chance  in  2. 

6.  Why  not  build  one  bridge  in  place  of  the  two  at  Seventh 
and  Ninth  Streets? 

The  total  traffic  over  the  two  brdges  is  less  than  that  over 
the  Sixth  Street  bridge.  Perhaps  such  a  bridge  could  be  built 
with  approaches  along  Duquesne  Way  so  that  the  grade  both  on 
the  bridge  and  approaches  could  be  kept  to  about  three  per  cent.  It 
would  appear  desirable  to  divert  the  traffic  along  Duquesne  Way 
if  possible,  rather  than  conduct  it  into  the  congested  district  in 
the  interior  of  the  triangle. 

7.  What  other  advantage  has  the  Henderson  plan  over  the 
standard  plan?  Is  there  more  probability  of  accident  on  the 
bridge  or  under  the  bridge  in  one  case  than  in  the  other? 

Conclusion.  As  stated  by  Mr.  Henderson,  many  plans  for 
drawbridges  are  approved  by  the  War  Department  every  year. 
In  many  cases,  it  is  the  type  that  best  fulfills  the  needs  of  the 
situation.  The  question  now  is  whether  the  advantages  of  the 
Henderson  type  of  lift  bridge  outweigh  its  disadvantages,  for 
construction  over  the  Allegheny  River  at  the  above  crossings. 

Mr.  E.  K.  Morse:*  The  subject  of  the  evening  has  been 
pretty  well  covered.  I  am  going  to  eliminate  everything  for  the 
time  being  except  two  points  which  I  consider  the  crux  of  the  case. 

When  the  present  Sixth  Street  bridge  was  under  considera- 
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tion  to  take  the  place  of  the  old  suspension  bridge  that  was  there, 
1  was  acting  as  consulting  engineer  for  the  late  John  R.  Jackson, 
president  of  the  Sixth  Street  Bridge  Company,  and  of  the  Fidel¬ 
ity  Title  &  Trust  Company.  Competitive  designs  were  called  for 
and  the  successful  plan  was  laid  before  the  Pittsburgh  Coal  Ex¬ 
change  and  the  government  for  approval.  The  Pittsburgh  Coal 
Exchange  opposed  it  to  the  limit  and  disapproved  of  plans  that 
were  then  identical  with  the  ones  now  suggested  by  the  War  De¬ 
partment,  with  the  exception  that  the  height  was  less.  The  pres¬ 
ent  height  was  under  consideration  then  and  the  clear  height  above 
full  pool  that  now  exists  was  then  approved  and  adopted.  The 
representatives  of  the  Pittsburgh  Coal  Exchange  said  they  would 
not  accept  a  channel  span  for  the  Sixth  Street  bridge,  and  that 
they  wanted  two  channel  spans  with  a  pier  in  the  middle  of  the 
river. 

Mr.  Jackson  asked  me  to  pick  out  one  of  the  best  bridge  engi¬ 
neers  in  the  United  States  to  act  as  consulting  engineer  and  1 
suggested  Theodore  Cooper.  Competitive  plans  were  again  re¬ 
ceived  and  Mr.  Cooper's  plans  were  accepted  and  the  'bridge  now 
built,  the  present  Sixth  Street  Bridge,  is  the  one  Theodore  Cooper 
designed  and  the  one  approved  by  the  Pittsburgh  Coal  Exchange 
and  the  one  accepted  by  the  engineers  of  the  War  Department 
and  the  Secretary  of  War  at  that  time.  It  is  exactly  what  the  Coal 
Exchange  wanted;  yet  in  less  than  ten  years  from  the  time  it  was 
erected  the  Coal  Exchange  wanted  to  change  the  span  to  just 
what  the  War  Department  is  now  advocating. 

I  mention  this  for  a  puqjose.  In  most  of  the  cases  in  this 
vicinity,  I  regret  to  say  that  the  government  has  coincided  with 
the  river  interests.  In  many  cases  I  am  satisfied  it  was  not  to 
the  advantage  of  navigation.  I  think  it  was  a  mistake  when  the 
government  made  the  owners  of  the  Union  bridge,  across  the 
Allegheny  River  at  the  Point,  take  down  that  wooden  bridge  at 
their  own  expense  and  pay  $15,000  in  addition  to  the  salvage. 
And  then  what  did  they  do?  Built  a  pier  right  in  the  middle  of 
the  channel  !  I  do  not  know  that  I  shall  live  to  see  this  new  bridge 
rebuilt  to  satisfy  the  whims  of  navigation,  so  called,  but  I  be¬ 
lieve  that  some  of  you  in  this  room  will  see  that  bridge  taken 
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down.  I  believe  the  time  will  come  when  the  pier  in  the  middle 
of  the  river  will  lie  declared  a  menace  to  navigation. 

Now  we  come  to  the  point  of  the  government  reversing  it¬ 
self.  The  government  now  asks  that  the  Sixth  Street  bridge  be 
taken  down.  That  method  of  doing  business  is  most  unbusiness- 
iike.  This  brings  up  the  correlated  question,  which  is  just  as 
important  to  navigation  as  to  the  traffic  over  the  bridge.  Before 
the  approval  of  the  Sixth  Street  and  Ninth  Street  bridges  by  the 
government,  the  whole  subject  of  river  terminals  should  be  an¬ 
alyzed  with  it.  Do  not  be  suprised  if  I  should  take  sides  in  the 
very  near  future  with  the  canal  to  the  lakes.  I  hat  has  been  a  verv 
lukewarm  subject  with  me  but  since  the  World  War  and  the  fall¬ 
ing  down  of  our  transportation  facilities  my  viewpoint  has  en¬ 
tirely  changed  on  the  subject  of  traffic  for  this  vicinity.  \\  e  must 
have  better  facilities.  1  have  no  criticism  of  the  railroads,  but 
their  facilities  are  not  adequate  to  the  growth  of  the  community. 
Every  study  I  have  ever  made  of  the  question  of  traffic  (and  there 
is  not  a  section  leading  out  of  this  vicinity  to  the  northwest  that 
I  have  not  surveyed,  trying  to  get  another  railroad  into  the  city  of 
Pittsburgh)  indicates  that  improved  wharf  terminals,  the  building 
of  a  canal,  and  the  improvement  of  our  river  channels,  must  come 
in  order  to  keep  pace  with  competitive  districts.  When  I  began 
studying  the  question  of  traffic  as  Transit  Commissioner  for  the 
city  of  Pittsburgh,  four  years  ago,  Pittsburgh  stood  fifth  from 
the  top.  To-day  it  is  twelfth.  Why?  Because  a  community 
grows  in  direct  porportion  to  its  facilities  to  handle  traffic. 

The  War  Department  is  in  error  in  one  prominent  feature 
with  respect  to  the  raising  of  bridges,  and  that  is  in  assuming  that 
the  navigable  height  should  be  carried  to  a  20-foot  flood  stage. 
That  assumes  that  the  locks  are  not  to  be  used  at  all.  Long  before 
that  height  is  reached  there  is  no  navigation  in  the  Allegheny  River ; 
furthermore,  the  locks  at  Dam  No.  1  in  the  Allegheny  River  can¬ 
not  be  operated  in  a  flood  over  18  feet.  I  will  cite  just  one  case.  You 
all  know  that  when  you  make  a  mistake  and  pay  for  it  out  of  your 
own  pocket  your  memory  is  always  fresh  on  that  subject.  When 
I  was  erecting  the  Ninth  Street  bridge.  Captain  Charley  Hook 
was  hired  to  hold  his  boat  below  the  Ninth  Street  bridge  for 
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emergencies.  On  May  24,  189.1,  a  derelict  barge  came  down  the 
river  and  struck  the  trestle  in  the  channel  span.  Every  brace  was 
knocked  loose.  That  happened  about  seven  o’clock  in  the  morn¬ 
ing.  Word  was  sent  to  Captain  Hook  to  swing  out  into  the 
channel  and  save  that  trestle  if  possible.  He  said  he  wouldn’t  do 
anything  of  the  kind.  I  went  to  him  and  said  “What  is  the 
matter?  I  pay  you  $100  a  day  to  lie  here  for  emergencies  of  this 
kind.’’  He  replied  “No  damn  fool  of  a  pilot  would  navigate  the 
Allegheny  River  in  a  flood.’’  I  said  “What  do  you  mean?”  and 
his  reply  was  “I  am  not  going  to  go  out  there  and  wreck  my  boat.” 
He  floated  down  the  river  and  tied  up  on  the  Monongahela  River 
wharf. 

The  height  of  the  water  at  that  time  was  16.5  feet.  At 
three  o’clock  the  last  pile  in  the  trestle  snapped  and  everything 
was  lost.  That  afternoon  the  river  rose  to  about  24  feet  and  ran 
with  unusual  swiftness  even, for  the  Allegheny,  which  is  always 
dangerous  at  flood  time. 

The  difference  between  16  and  20  feet  settles  the  question  of 
grades  in  the  approach  to  the  bridges.  If  it  were  split  in  two, 
the  question  of  grades  on  the  approach  would  be  very  much 
simplified,  because  every  foot  added  to  the  approach  to  these 
bridges  is  vital.  I  can  not  conceive  of  changing  the  grades  in 
either  city.  Mr.  Henderson  has,  to  my  mind,  submitted  the  best 
plan  for  the  solution  of  this  subject,  but  it  is  a  question  of  the 
most  vital  importance  that  the  hoists,  if  they  are  adopted,  be 
made  so  that  they  cannot  fail.  For  that  reason  I  would  double 
the  number  of  jacks,  and  double  in  every  case  I  could,  so  that  if 
one  did  go  bad  the  other  could  be  put  into  immediate  action. 
Furthermore,  action  should  be  automatic.  I  would  condemn  the 
system  if  it  depended  on  human  manipulation  for  its  control. 

In  the  Act  passed  March  23,  1906,  which  was  a  modification 
of  the  old  Acts  of  1873  and  1883,  for  the  Ohio  River  bridges, 
Section  3,  Item  26  reads  as  follows : 

“No  bridge  erected  or  maintained  under  provisions  of  this  Act  shali 
at  any  time  unreasonably  obstruct  free  navigation  of  the  waters  over 
which  it  is  constructed,  and  if  any  bridge  erected  in  accordance  with  the 
provisions  of  this  Act  shall,  in  the  opinion  of  the  Secretary  of  War,  at 
any  time  unreasonably  obstruct  such  navigation,  either  on  account  of  in¬ 
sufficient  height,  width  of  span,  or  otherwise,  or  if  there  be  difficulty  in 
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passing  the  draw,  opening,  or  draw  span,  of  such  bridge  by  rafts,  steam¬ 
boats,  or  other  water  craft,  it  shall  be  the  duty  of  the  Secretary  of  War 
after  giving  the  parties  interested  reasonable  opportunity  to  be  heard,  to 
notify  the  persons  owning  or  controlling  such  bridge  to  so  alter  the  same 
as  to  render  navigation  through  or  under  it  *  *  *  free,  easy  and 

unobstructed.” 

That  means  that  every  highway  bridge  over  the  Allegheny 
River  would,  if  it  were  so  ordered  by  the  Secretary  of  \\  ar,  have 
to  be  taken  down.  Even  the  Sixteenth  Street  bridge,  now  building 
to  suit  the  Secretary  of  War,  and  built  to  meet  the  whims  of 
navigators,  can  be  ordered  removed  if  for  any  reason  the  Secre¬ 
tary  of  War  should  again  determine  that  it  is  a  menace  to 
navigation. 

The  whole  wharf  subject  should  he  taken  up,  the  wharf  lines 
ignored  as  now  laid  out,  and  new  wharf  lines  drawn  in  the  inter¬ 
ests  of  terminals,  and  every  street  along  the  Allegheny  River  ap¬ 
proaching  the  wharf  should  be  a  one-way  street.  The  subject 
should  be  studied  exhaustively  before  any  more  decisions  are 
made  by  the  War  Department.  The  Pennsylvania  Railroad  has 
no  right  to  be  on  the  Allegheny  wharf.  It  is  antagonistic  to  the 
civic  beauty  of  both  cities;  it  is  against  the  interests  of  naviga¬ 
tion  ;  it  is  against  their  own  personal  interest. 

I  hope  to  see  a  wharf  built  in  a  straight  line  from  the  Point 
to  Eleventh  Street  or  above  the  Ninth  Street  bridge  and  brought 
up  above  flood  height,  at  least  to  33  feet.  If  that  is  done,  Mr. 
Henderson’s  plan  is  not  necessary;  and,  if  that  is  done,  the  city 
should  vacate  all  the  streets  from  Penn  Avenue  to  the  Pennsyl¬ 
vania  Railroad  and  from  the  Union  Depot  to  Thirty-third  Street 
thereby  making  one  grand  railroad  terminal.  Then  there  will 
be  no  elevated  railroad  along  the  Allegheny  River;  then  thcr* 
will  be  the  city  beautiful ;  then  there  will  be  a  city  with  river 
terminals ;  then  will  the  bridge  problems  be  solved. 

Mr.  C.  A.  Finley:*  I  have  listened  to  the  discussion  of  the 
lift  bridge  and  the  stationary  type  of  bridge  and  the  thing  that 
is  most  impressed  on  my  mind  is  that  the  conditions  laid  down  in 
the  order  of  the  Secretary  of  War  as  to  elevations  are  just  a  little 
more  than  sufficient  to  involve  the  city  in  serious  grade  and 
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grade  damage  problems.  A  few  feet  lower  and  we  could  estab¬ 
lish  grades  that  would  not  seriously  affect  us.  The  fact  that  these 
few  feet  are  involved  is  what  gives  rise  to  the  consideration  of 
movable  bridges. 

I  confess  that  I  can  not  regard  the  five  or  six  per  cent,  grade 
on  these  bridges  with  the  same  equanimity  that  Major  Bell  does. 
It  is  not  so  much  a  question  of  traction  as  it  is  of  bad  traffic 
conditions  obtaining,  especially  in  winter  on  the  kind  of  paving 
which  it  is  desirable  to  use  on  bridge  floors.  A  three  or  3.5  per 
cent,  grade  can  be  operated  effectively  even  in  slippery  weather, 
but  five  or  six  per  cent,  grades  with  rain  and  freezing  weather 
offer  much  opportunity  for  traffic  delay.  I  have  seen  traffic  on 
Grant  Boulevard,  which  is  a  six  per  cent,  grade,  tied  up  20  min¬ 
utes  by  a  sleet  storm  that  froze  on  the  pavement,  so  that  it  was 
an  hour  or  two  before  they  could  get  it  straightened  out.  That 
is  the  thought  that  is  in  my  mind  on  the  steep  grade  proposition, 
rather  than  traction  costs. 

Mr.  Morse  has  called  attention  to  the  fact  that  the  problem 
involves  more  than  the  actual  handling  .of  the  bridges ;  and  it 
involves  a  broad  study  of  wharf  improvement  and  street  and 
grade  adjustment  in  connection  therewith.  He  has  also  called 
attention  to  the  fact  that  boats  cannot  'be  operated  at  the  stage 
of  water  which  the  proposed  new  elevations  are  designed  to  ac¬ 
commodate,  but  apparently  are  compelled  to  cease  operations 
when  the  stage  of  water  is  several  feet  less,  not  because  of  the 
bridges  but  because  of  the  current.  A  modification  of  the  require¬ 
ments  in  bridge  elevation  to  this  extent  or  even  a  part  of  it  would 
eliminate  most  of  the  elements  of  disagreement,  and  would  permit 
the  city  to  carry  out  its  part  of  the  development  at  a  reasonable 
cost,  with  possibly  no  damage  to  river  interests,  present  or  pro¬ 
spective. 

Mr.  A.  R.  Raymer  :*  I  came  out  to-night  to  get  informa¬ 
tion  and  have  not  given  this  problem  any  particular  study.  I 
have  been  very  much  interested  in  the  various  views  that  have 
been  presented.  As  far  as  the  mechanical  part  of  Mr.  Hender- 


♦Chief  Engineer,  Pittsburgh  &  Lake  Erie  Railroad,  Pittsburgh. 


1922  ] 


DISCUSSION — CONTINUOUS  TRAFFIC  LIFT  BRIDGES 


255 


son’s  scheme  is  concerned,  I  am  convinced  the  details  can  he 
worked  out,  if  necessary.  No  problem  is  presented  which  is  very 
much  different  from  many  which  have  been  solved  in  connection 
with  lift  bridges. 

I  was  also  impressed  by  Mr.  Morse’s  statement  that  the 
whole  problem  should  be  discussed  and  settled  before  any  part  of 
it  is  carried  out.  I  think  that  is  sound  policy.  While  the  wharves 
are  under  consideration,  nothing  should  be  done  in  the  way  of 
building  bridges  which  would  interfere  with  the  best  development 
of  them. 

Mr.  H.  R.  Thayer:*  The  grade  of  three  per  cent,  that  has 
been  talked  about  is  an  extremely  low  maximum  to  be  proposed 
for  a  town  like  Pittsburgh  with  its  topographic  conditions.  It 
seems  especially  so  to  one  who,  like  myself,  slips  down  Negley 
Avenue  every  morning  and  clambers  up  every  night.  I  note  that 
in  the  possible  solution  they  have  used  six  per  cent.,  and  I  feel 
sure  that  for  the  very  few  days  when  operation  would  be  required 
it  would  work  out  all  right. 

Regarding  the  suggestion  of  our  chairman  concerning  the 
vertical  curve,  more  than  98  per  cent,  of  the  time  the  bridge 
would  be  practically  level.  In  this  position  the  curve  would  be 
a  disadvantage. 

The  speaker  of  the  evening  brought  out  the  four  possible 
methods  of  crossing  a  navigable  stream — boat,  tunnel,  low  bridge 
and  high  bridge.  The  method  of  boats  would  not  be  considered 
in  a  location  like  this  where  a  bridge  is  a  possibility  and  where 
we  have  to  carry  a  large  traffic.  The  tunnel  would  seem  to  be 
unsuited  to  our  topographical  conditions.  The  low  bridge  with 
the  ordinary  movable  span  would  be  extremely  expensive  or  else 
a  great  hindrance  to  navigation.  The  high  bridge  seems  the  only 
one  of  the  four  that  offers  a  reasonable  solution.  The  speaker  of 
the  evening  has  advocated  a  type  which  so  far  as  I  know  is  rather 
new — a  distinct  contribution  to  engineering  literature.  These  two 
solutions  are  before  us  for  very  serious  consideration.  The  con¬ 
tinuous-traffic  bridge  is  practicable,  but  it  will  demand  an  ini- 
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mense  amount  of  study  before  we  can  venture  to  offer  it  in  a 
practical  way.  I  cannot  agree  at  all  that  it  is  a  matter  of  an  even¬ 
ing  to  design  and  I  shall  present  my  idea  of  some  of  the  troubles 
you  will  be  up  against  when  you  attempt  to  deal  with  this  ques¬ 
tion  of  design. 

This  way  of  handling  a  bridge  is  somewhat  similar  to  the 
type  already  known  as  the  vertical-lift  bridge.  Until  a  few  years 
ago,  it  was  used  very  little,  and  entirely  in  short  spans.  The 
method  of  handling  large  weights  has  not  been-  fully  developed, 
and  the  hydraulic  lift  is  not  a  thoroughly  dependable  method. 
It  will  work,  but  it  is  likely  to  fail  at  critical  times.  The  first 
thing  is  the  question  of  bracing.  When  a  bridge  is  to  be  raised 
to  a  height  of  Id  feet  it  necessarily  must  be  braced  longitudinally 
and  transversely,  and  that  bracing  must  be  beyond  all  criticism. 
You  are  handling  very  large  loads  and  you  must  not  have  weak¬ 
ness  in  any  direction.  I  believe  it  should  be  fixed  at  both  ends 
with  an  expansion  joint  in  the  middle.  That  would  leave  some¬ 
thing  that  would  brace  the  entire  structure.  Furthermore,  it  must 
have  transverse  bracing.  I  do  not  believe  it  would  be  practicable 
otherwise  to  resist  possible  wind  pressure  and  transverse  forces. 

Another  question  is  that  of  counterweight.  When  you 
counterbalance  a  weight  of  1400  tons  at  each  corner  of  the  bridge 
you  run  into  considerable  difficulty  both  in  regard  to  the  design  of 
the  machinery  and  in  finding  a  place  for  the  mass  that  would  have 
to  be  provided.  The  whole  matter  of  designing  the  power  on  the 
various  parts  would  be  a  little  bit  beyond  anything  that  has  been 
attempted  thus  far.  About  the  only  parallel  of  which  I  know  is 
the  raising  of  the  center  span  of  the  Quebec  bridge  and  the  ex 
perience  the  engineers  had  there  would  not  be  of  the  kind  that 
would  make  us  feel  like  treating  this  problem  trivially.  W  hile  it 
can  probably  be  successfully  handled,  I  believe  it  will  demand  a 
great  deal  of  very  carefu'l  study. 

Mr.  H.  D.  James  :*  The  Mechanical  Section  is  to  be  con¬ 
gratulated  on  the  paper  of  the  evening.  I  am  glad  to  see  members 
of  our  Society  taking  an  active  interest  in  engineering  matters 
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affecting  Pittsburgh.  I  strongly  recommend  that  engineers  take 
an  active  interest  in  public  affairs,  particularly  matters  of  an 
engineering  interest.  Our  Society  has  a  membership  of  fourteen 
hundred  engineers  who  should  be  thoroughly  informed  on  public 
matters  of  this  kind  so  that  they  can  exert  their  influence  in  the 
right  direction.  Questions  of  an  engineering  nature  can  usually 
be  settled  if  all  of  the  facts  are  available. 

Mr.  J.  P.  Leaf:*  In  the  building  of  this  permanent  dam  to 
take  the  place  of  the  Davis  Island  dam  you  have  a  real  harbor 
question.  I  can  see  boats  distributing  cars  from  the  different 
railroads  to  the  various  works  along  the  rivers  and  going  up  to 
a  great  terminal  that  we  can  get  on  land.  It  seems  to  me  that, 
if  we  are  only  two  feet  apart  in  elevation,  Pittsburgh  ought  to  be 
able  to  comply  with  these  conditions,  or  the  government  to  meet 
them  half  way. 

I  like  Mr.  Morse’s  remarks  concerning  high  water.  Pitts¬ 
burgh  is  not  improving  as  other  cities  that  have  navigable  water 
have  improved  in  the  last  ten  or  twenty  years.  If  you  look  at  the 
cities  that  have  improved  above  the  average  in  the  United  States, 
in  nine  cases  out  of  ten  they  are  on  improved  rivers,  or  the  Great 
Lakes.  We  should  develop  our  rivers,  we  should  develop  our 
roads,  we  should  develop  our  railroads.  Pittsburgh  has  the  best 
railroads  in  the  world,  but  I  do  not  hesitate  to  say  that  we  are 
discriminated  against  in  railroad  rates.  We  always  have  been. 

Mr.  Winters  Haydock  :f  Major  Bell,  in  his  discussion  of 
the  paper  of  the  evening,  has  touched  upon  some  very  interesting 
questions,  some  of  which  I  had  come  prepared  to  bring  up  my¬ 
self.  One  of  these  is  the  question  of  economics  involved  in  the 
additional  rise  which  would  have  to  be  overcome  by  traffic  using 
the  bridges  as  rebuilt  in  accordance  with  the  present  order  of  the 
War  Department.  How  serious  from  an  economic  point  of  view 
would  this  additional  rise  be,  and  how  much  could  we  afford  to 
spend  solely  for  the  purpose  of  eliminating  it? 
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An  answer  to  this  question  cannot  be  worked  out  with  any 
degree  of  exactness,  as  a  great  many  elements  of  guesswork 
would  enter  into  the  solution  ;  hut  perhaps  we  can  work  out  a 
method  of  guessing  in  a  rational  way.  Certain  writers  have  gone 
into  the  matter  of  the  additional  operating  cost  of  rise  and  fall 
in  vehicular  thoroughfares.  One  of  these  is  Mr.  Wilson  G. 
Harger,  writing  in  Engineering  Nezvs-Record,  July  22,  1920.* 
Using  his  methods  of  analysis  and  assuming  an  average  cost  for 
fuel  per  mi'le  per  vehicle  of  2.7  cents,  we  find  the  additional  cost 
for  fuel  for  each  extra  foot  of  rise  to  he  about  $50  per  year  for 
each  1000  vehicles  per  day  of  traffic  density.  This  figure  is  prob¬ 
ably  a  maximum.  If  the  additional  rise  is  14  feet,  this  additional 
cost  for  fuel  becomes  about  $100  per  year  for  each  1000  vehicles 
per  day.  The  traffic  count  made  in  1920  by  the  Citizens  Com¬ 
mittee  on  City  Plan  showed  a  total  of  12,321  vehicles  passing  over 
the  three  bridges  in  question  in  11%  hours.  If  we  assume  that 
within  the  near  future  the  daily  traffic  over  these  bridges  will 
reach  20,000  vehicles,  the  cost  of  fuel  chargeable  to  an  extra  rise 
of  14  feet  might  become  $14,000  per  year.  When  the  traffic 
reached  30,000  vehicles  per  day,  that  charge  might  become  $21,000 
per  year. 

We  should  not,  of  course,  attach  too  much  importance  to  such 
figures,  but  they  serve  to  indicate  that  for  the  sole  purpose  of 
saving  fuel,  we  are  probably  not  justified  in  spending  a  very  con¬ 
siderable  sum  to  avoid  the  extra  rise,  especially  if  the  extra  yearly 
operating  and  maintenance  costs  are  to  absorb  a  considerable 
portion  of  that  saving.  But  there  are  other  reasons  why  we  should 
strive  to  eliminate  all  unnecessary  rise  in  these  bridges.  For  ex¬ 
ample,  the  necessity  will  exist  for  stopping  traffic  on  the  descend¬ 
ing  grades  at  the  ends  of  the  bridges  on  account  of  the  movement 
of  traffic  on  cross  streets.  Under  such  circumstances  it  would 
he  safer  in  slippery  weather  not  to  have  grades  as  high  as  4.5  or 
5  per  cent. 

Major  Bell  brought  up  the  question  of  the  basis  of  limita¬ 
tion  for  the  rate  of  grade  on  these  bridges.  Is  it  necessary  to  con¬ 
fine  ourselves  to  a  three  per  cent,  grade?  I  have  drawn  up  a  pro- 
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file  which  indicates  that  it  is  possible  to  get  a  grade  of  1.5  per 
cent,  on  the  Seventh  Street  and  Ninth  Street  bridges,  and  a  grade 
of  4.35  per  cent,  on  the  Sixth  Street  bridge  without  any  very 
serious  changes  of  grade  on  the  approach  streets.  1  his  is  based 
on  the  assumption  that  we  can  get  along  with  a  floor  system  only 
5.5  feet,  thick.  I  am  of  the  opinion  that  by  careful  attention  to  the 
details  of  design  we  can  get  within  the  5.5  foot  limit  without  seri¬ 
ously  affecting  the  rigidity  or  the  weight  of  the  structure.  This 
question  of  the  allowable  maximum  grade  should  receive  care¬ 
ful  consideration. 

I  wish  to  endorse  what  Mr.  Morse  and  others  have  said  about 
the  necessity  of  considering  the  future  development  of  the  river 
front.  It  does  not  seem  conceivable  that  Allegheny  County  will 
complete  plans  for  the  reconstruction  of  these  bridges,  which 
ignore  the  possibility,  or  rather  the  probability,  of  a  quay  wall 
being  built  in  the  future  at  a  considerable  distance  out  from  the 
present  ends  of  the  bridges. 

In  closing  I  wish  to  ask  Major  Bell  a  question  and  if  it  em¬ 
barrasses  him  he  will  please  says  so.  Several  years  ago  one  of 
the  army  engineers  made  a  report  on  the  raising  of  the  bridges  in 
which  a  clearance  was  recommended  which  was  four  feet  less 
than  the  clearance  required  by  the  present  order.  I  wish  to  ask 
whether  in  his  opinion  it  would  be  reasonable  for  Pittsburgh  and 
Allegheny  County  to  ask  the  War  Department  to  reopen  the  ques¬ 
tion  of  clearances,  confining  the  investigation  to  the  question  of 
reducing  the  clearances  by  about  four  feet.  I  believe  that  if  this 
reduction  could  be  brought  about,  the  difficulties  of  this  situation 
would  be  at  an  end. 


Major  J.  F.  Bell:  I  am  not  embarrassed  in  the  slightest 
by  the  question.  I  will  start  by  saying  that  I  am  heartily  in 
sympathy  with  this  plan  of  developing  the  terminals  in  the  Pitts¬ 
burgh  waters.  I  made  my  first  speech  in  favor  of  that  before  the 
City  Planning  Conference  a  year  ago. 

Although  I  do  not  agree  with  some  of  the  rivermen  in  this 
district,  I  am  convinced  that  any  hydraulic  engineer  can  satisfy 
himself  that  by  a  little  dredging  in  the  river  you  can  compensate 
for  any  cross-section  you  take  up  on  the  banks. 
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As  for  a  change  in  the  required  elevation  of  41  feet  above 
pool  level,  as  specified  in  the  order  of  the  Secretary  of  War,  Gen. 
Beach  has  said  that  he  is  willing  to  consider  anything  that  the 
city  has  to  advance  in  the  way  of  modification  that  might  re¬ 
lieve  them  of  difficulties;  and  it  seems  to  me  entirely  feasible,  if 
the  county  so  wishes,  that  when  they  submit  their  application  to 
construct  these  bridges,  as  ordered  by  the  Secretary  of  War,  they 
also  put  in  modified  plans  in  the  same  way  that  has  been  sug¬ 
gested.  If  they  show  good  reason  why  a  two-foot  difference  in 
elevation  should  be  approved,  it  will  be  entirely  proper  to  submit 
it.  As  f  or  entering  into  an  agreement  or  arrangement  with  the  War 
Department  with  regard  to  delay  in  getting  up  your  plans,  I  do 
not  see  that  an  agreement  is  in  any  way  necessary.  Why  not  go 
ahead  and  make  your  plans?  You  know  perfectly  well  that  as 
long  as  proper  progress  is  being  made  there  will  be  no  trouble. 
There  is  nothing  to  keep  you  from  going  ahead  and  making  your 
plans  for  the  waterfront  also.  If  you  are  working  to  that  end 
(and  I  think  it  is  highly  desirable  that  these  problems  should  be 
solved — terminal,  traffic,  and  bridge  problems  together)  I  am  sure 
it  will  meet  with  every  encouragement. 

Mr.  L.  P.  Blum,*  As  retiring  Chairman  may  I  express  my 
appreciation  of  all  of  the  contributions  to  the  program  of  the 
evening.  There  are  many  phases  of  this  question  brought  out  by 
the  discussion,  but  I  shall  confine  my  discussion  to  the  single 
question  of  grades  on  the  city  streets  with  reference  to  these 
bridges. 

For  every-day  continuous  use,  I  believe  that  no  grade  in  ex¬ 
cess  of  three  per  cent,  should  be  considered.  Grade  is  a  matter 
of  environment.  Grades  in  the  down-town  district  of  a  busy  city 
must  be  determined  on  a  different  basis  from  the  grades  of 
Neglev  Avenue  and  other  residence  streets.  We  have  a  busy 
down-town  district  around  the  rivers  with  access  to  practically  all 
of  our  freight  stations  and  in  this  district  three  per  cent,  is  ap¬ 
proximately  the  limiting  grade.  To  introduce  heavier  gradient 
in  this  area  would  be  comparable  to  putting  a  one  per  cent,  grad¬ 
ient  in  a  railroad  line  which  has  been  standardized  for  a  long 
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distance  with  one-half  per  cent,  limiting  grade.  It  is  no  answer 
to  say  that  other  railroads  operate  on  higher  gradient. 

Mr.  Havdock  has  touched  upon  the  difference  in  expense 
involved.  It  is  not  a  question  of  the  cost  of  the  gasoline;  it  is  a 
question  first  of  all,  of  safety,  then  of  the  capacity  of  the  bridges 
and  of  effect  on  real-estate  values.  While  any  truck  operating 
in  Pittsburgh  could  possibly  haul  any  legal  load  on  grades  in  ex 
cess  of  three  per  cent.,  its  speed  would  he  cut  down,  and  such 
reduction  of  speed  of  vehicles  decreases  the  carrying  capacity  <>t 
our  bridges.  Every  street  grade  increases  traffic  hazards,  especially 
in  congested  areas.  As  to  the  effect  on  real-estate  values,  we  have 
spent  millions  of  dollars  in  cutting  the  Fifth  Avenue  “hum])", 
and  have  found  the  expense  amply  justified  in  the  increased  real- 
estate  values  developed  in  the  district  affected.  It  is  the  opinion 
of  prominent  real-estate  men  whom  I  have  interviewed  that  any 
separation  of  the  North  Side  from  central  Pittsburgh  by  the  in¬ 
troduction  of  bridge  grades  is  bound  to  have  a  detrimental  ef¬ 
fect  on  property  values  in  both  of  the  areas  involved,  and  this 
effect,  will  probably  be  in  approximate  proportion  to  the  rate  of 
grade  of  the  bridges. 

Considering,  therefore,  all  of  the  above  conditions,  I  have  no 
difficulty  in  coming  to  the  conclusion  that  a  continuous-lift  bridge 
of  the  type  described  by  Mr.  Henderson  is  preferable  to  a  bridge 
with  permanent  but  steep  approaches.  The  comparison  is  that 
of  a  practically  level  grade  for  10  months  in  the  year,  with  grades 
of  six  per  cent,  on  very  rare  occasions  as  compared  with  the 
permanent  inconvenience  of  a  three  per  cent,  grade  the  establish¬ 
ment  of  which  will  cost  either  the  city  or  county  millions  of  dol¬ 
lars  in  damages  for  change  of  grade. 

Are  we  certain  that  this  raising  of  bridges  will  be  required  in 
future  vears? 

In  Engineering  Nezvs-Record  of  Feb.  2,  1922.*  there  is  a 
paper  discussing  this  very  subject  with  relation  to  a  bridge  at 
Bismarck,  N.  D.,  and  traffic  conditions  on  the  Missouri  River 
at  that  point.  Prior  to  the  World  War,  due  to  use  of  coal-burn- 
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ing  equipment  on  river  packets,  the  tall  smoke-stack  was  necessary 
and  a  clearance  of  50  feet  was  required.  Since  the  war  all  of  these 
packet  lines  have  found  it  necessary,  in  order  to  continue  their 
competition  with  the  railroads,  to  change  to  internal-combustion 
engines  ;  and  according  to  this  article  this  change  has  decreased 
the  clearance  necessary  on  the  Missouri  River  from  50  to  38  feet, 
as  allowed. by  the  United  States  Engineers.  Is  there  not  a  pos¬ 
sibility  that  a  similar  modification  of  motive  power  may  he  de¬ 
veloped  which  is  suitable  for  the  control  of  flats  on  our  rivers? 
Such  a  possible  development  furnishes  another  argument  in  favor 
of  the  continuous-lift  bridge. 

Mr.  A.  A.  Henderson  :  Any  person  interested  in  the  de¬ 
velopment  of  the  type  of  bridges  proposed  will  appreciate  the 
constructive  criticism  ofifered  by  Major  Bell. 

He  suggests  that  the  various  points  he  mentions  should  be 
given  consideration  in  case  a  bridge  of  proposed  design  should 
he  submitted  to  the  War  Department  for  approval.  Since  there 
is  a  possibility  of  the  local  authorities  asking  such  approval, 
any  extended  reply  to  Major  Bell’s  questions  at  this  time  might 
be  considered  premature. 

In  presenting  the  subject  I  have  accepted  the  final  opinions 
evolved  from  various  hearings  as  conclusive;  namely: 

1.  The  fixed  grades  on  bridges  should  not  exceed  a 
maximum  of  three  per  cent. 

2.  The  necessary  clearance  for  water  craft  is  33  feet, 
and  should  be  available  up  to  the  20-foot  stage. 

I  feel  that  we  cannot  question  one  conclusion  without  the 
right  to  question  the  other  also.  I  have  questioned  neither. 

Two  factors  which  contribute  to  the  discrepancy  between  the 
five  per  cent,  grades  suggested  in  Major  Bell’s  paper  and  the  six 
per  cent,  temporary  grade  of  tilting  spans,  are : 

1.  The  United  States  Government  assumes  that  new 
bridges,  in  each  case,  will  have  the  same  depth  of  floor  system 
as  the  existing  bridges.  Allegheny  County  has  concluded 
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that  conditions  require  at  least  0.5  feet  tor  depths  of  the 
floors  in  new  bridges.  These  two  methods  of  estimating 
depth  of  floor  system  produce  a  variation  of  46  inches  at  the 
Seventh  Street  bridge,  where  the  present  floor  system  ot 
the  suspension  bridge  is  only  32  inches  in  depth. 

2.  The  plans  of  the  United  States  Government  continue 
the  grade  of  shore  spans  into  the  channel  span,  making  a 
uniform  grade  from  the  abutment  to  a  point  within  90  feet 
of  the  center  of  the  bridge. 

In  the  proposed  lift  bridge,  the  grade  in  the  channel 
span  does  not  exceed  1.4  per  cent.,  which  results  in  a  six  per 
cent,  grade  in  the  tilting  spans  when  the  bridge  is  raised  tr> 
the  highest  position. 

As  regards  the  possibility  of  piers  settling  out  of  line,  we 
should  take  into  consideration  that  rock  foundation  will  probably 
be  reached  at  a  depth  of  not  over  30  feet  below  pool  level.  Num¬ 
erous  wells  sunk  along  Duquesne  Way,  from  Sixth  Street  to 
Ninth  Street,  indicate  a  continuous  rock  floor  at  about  the  eleva¬ 
tion  mentioned. 

Mr.  F.  L.  Egan:*  If  it  is  necessary  to  have  the  clearance 
ordered  by  the  United  States  Engineers,  Mr.  Henderson’s  con- 
tinuous-traffic  lift  bridge  can  be  built,  and  it  can  be  made  to  serve 
the  intended  purpose  in  a  reasonably  satisfactory  manner.  The 
raising  and  lowering  of  the  bridge  is  a  much  simpler  problem  than 
some  of  the  hydraulic  canal-boat  lifts,  which  have  not  only  been 
able  to  operate  satisfactorily,  but  have  also  proved  a  commercial 
success. 

The  canal-boat  lift  at  Les  Fontenelles,  France,  on  the  Neuf- 
fosse  Canal,  is  capable  of  lifting  boats  of  300  tons.  The  lock 
chambers  are  130  feet  long,  19  feet  wide,  and  7  feet  deep.  Each 
of  the  two  chambers  is  set  upon  the  ram  of  a  hydraulic  lift.  The 
ram  supports  a  total  weight  of  800  tons,  has  a  diameter  of  six 
feet,  six  inches,  and  a  stroke  of  43  feet.  As  one  chamber  moves 
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up  and  the  other  moves  down,  there  is  a  total  weight  of  1600  tons 
in  motion. 

The  canal-boat  lift  at  La  Louviere,  Belgium,  has  lock  cham¬ 
bers  141  feet  long,  19  feet  wide  and  8  feet  deep.  The  rams  are 
six  feet  6^4  inches  in  diameter,  with  a  stroke  of  50  feet  6*4  inches. 

The  pressure  is  470  pounds  per  square  inch,  and  the  time  of 
operation  is  two  minutes.  The  pressures  employed  are  low,  due 
principally  to  the  long  stroke  making  a  large  diameter  ram  de¬ 
sirable.  Granting  that  the  continuous-traffic  lift  bridge  is  practic¬ 
able  from  an  engineering  standpoint,  why  should  such  expensive 
structures  be  built  unless  they  are  necessary?  I  am  convinced 
that  the  clearance  ordered  is  not  necessary  to  safe  navigation. 

The  War  Department  has  ordered  the  three  bridges  raised, 
because  of  continuous  pressure  and  complaint  from  the  Pitts¬ 
burgh  Coal  Exchange,  and  from  men  who  were  active  in 
river  transportation  just  before  it  died  out.  Most  of  these  men 
believe  that  the  bridges  should  be  raised  to  accommodate  the  type 
and  size  of  steamboat  in  use  40  years  ago.  They  believe  that 
when  the  bridges  are  raised,  the  Ohio  River  canalized  its  entire 
length,  and  Pittsburgh  and  all  other  cities  on  the  Ohio  River  have 
built  and  equipped  elaborate  and  expensive  terminal  facilities, 
then  river  men  will  build  and  operate  steamboats  of  the  type  used 
40  years  ago.  These  men  cannot  or  will  not  understand  that,  ow¬ 
ing  to  higher  fuel  and  labor  costs,  methods  must  change,  and 
that  the  principal  reason  they  failed  in  competition  with  the  rail¬ 
roads  was  their  own  lack  of  initiative  in  lowering  costs  and  in¬ 
creasing  the  speed  of  river  transportation. 

What  I  wish  to  bring  out  clearly  is  this — The  engineers  of 
Pittsburgh  and  of  this  Society  should  approach  this  problem  as 
an  engineering  problem  pure  and  simple  and  should  disregard 
the  mystery,  cant,  and  erroneous  advice  of  the  reactionaries.  I 
at  present  represent  a  project  for  river  transportation  between 
Pittsburgh,  New  Orleans  and  way  points,  which  will  require  10 
modern  boats  of  about  twice  the  horse-power  of  our  pool  boats, 
to  handle  the  tonnage  we  now  have  from  interested  shippers. 
'These  boats  will  move  this  tonnage  considerably  faster  and  at 
less  cost  than  any  operation  we  now  have.  The  new  boats  will 
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have  a  maximum  clearance  height  of  25  feet  which  could  he 
lowered  to  20  feet  without  hardship. 

They  will  have  the  ability  to  operate  and  handle  a  tow  in 
high  water  until  the  locks  are  covered.  A  fair  percentage  of  our 
Pittsburgh  boats  are  not  safe  and  cannot  handle  a  tow  in  a  five- 
mile  current.  We  have  studied  and  plotted  curves  of  the  Ohio 
River  navigation  conditions  prevalent  for  the  past  20  years,  and 
the  equipment  is  designed  to  use  the  river,  in  its  present  condition, 
to  the  best  advantage,  and  it  will  also  be  capable  of  increased  ton¬ 
nage  as  the  Ohio  River  is  improved. 

We  are  not  asking  the  United  States  Government  to  raise 
bridges  and  canalize  the  Ohio  River,  nor  are  we  asking  that  Pitts¬ 
burgh  and  other  Ohio  River  cities  build  elaborate  and  expensive 
terminals.  The  project  provides  flexible  temporary  terminal 
facilities  where  necessary,  but  better  terminals  will  be  provided 
as  a  logical  result  when  the  traffic  demonstrates  what  is  actually 
required  in  the  way  of  terminals.  Adequate  terminal  facilities 
are  not  going  to  require  as  large  an  investment  as  most  of  the 
present  schemes  show,  because  a  large  percentage  of  the  total  ton¬ 
nage  available  is  heavy  bulk  stuff  which  shippers  and  consignees 
are  preparing  to  handle  at  their  own  docks. 

Let  us  expend  our  money  wisely  and  use  the  Ohio  River  to  a 
fair  percentage  of  its  present  capacity.  The  United  States  Gov¬ 
ernment  will  then  complete  the  canalization  of  the  river,  because 
it  will  be  a  logical  and  justifiable  development. 
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WATERFRONT  IMPROVEMENTS  IN  THE  CENTRAL 
BUSINESS  DISTRICT  OF  PITTSBURGH 


By  E.  K.  Morse* 

It  is  my  intention  merely  to  touch  upon  the  following  head¬ 
ings  owing  to  the  fact  that  they  will  he  discussed  by  others : 

History  of  Pittsburgh.  History  of  transportation^  In¬ 
troduction  of  steam  railroad  transportation  and  its  limitations. 
Pittsburgh’s  supremacy  and  future  dependent  upon  transporta¬ 
tion.  Flood  Commission’s  report  on  available  power  and  navi¬ 
gation.  River  terminals.  Traffic  relations  between  rail  and  river 
transportation.  Traffic  relations  between  river  terminals  and 
truck  transportation.  Solution  of  problem  by  wharf  construc¬ 
tion.  Wharf  encumbrances. 

History  of  Pittsburgh.  The  waters  of  the  Monongaheia 
River  provide  navigation  to  the  South  and  those  of  the  Alle¬ 
gheny  to  the  North,  with  the  two  great  overland  routes  over  the 
Allegheny  Mountains  to  the  East  lying  between  them.  The  Ohio 
River,  with  its  tributaries  reaching  out  into  the  Southwest,  made 
its  possession  vital  not  only  on  account  of  the  transportation 
facilities  prior  to  any  highways  through  solid  forests,  but  as  a 
protection  to  the  pioneers.  It  was  the  key  because  it  gave 
strategic  control  to  navigation  of  these  natural  channels  of  trans¬ 
portation.  Up  until  the  time  of  the  introduction  of  steam  rail¬ 
roads  after  the  Civil  War,  it  was  the  cheapest  and  it  can  be  made 
the  cheapest  to-day. 

Few,  if  any,  cities  have  their  origin  without  a  controlling 
reason  for  it.  Pittsburgh  got  her  start  because  of  free  river 
transportation  from  the  head-waters  of  the  Monongaheia  and 
Allegheny  Rivers  clear  on  down  the  Ohio  River  to  Cairo. 

History  of  Transportation.  Navigation  had  much  to  do  with 
the  growth  of  Pittsburgh  until  about  the  early  seventies,  since 
when  the  gradual  decay  of  river  transportation  has  taken  place 
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until  there  is  hardly  a  packet  trade  left — practically  no  through 
freight  by  regular  steamboat  lines,  and  were  it  not  for  the  move¬ 
ment  of  a  big  tonnage  of  coal  handled  by  private  companies  that 
mine  and  consume  it  the  freight  traffic  on  the  Monongahela, 
Allegheny,  and  Ohio  Rivers  would  be  exceedingly  small.  The 
down-river  towboats  and  all  the  paraphernalia  that  go  with  them 
have  been  moved  down  to  the  Kanawha s. 

Introduction  of  Steam  Railroad  Transportation  and  Its  Limi¬ 
tations.  It  is  interesting  to  analyze  the  reasons  why  river  trans¬ 
portation  has  given  way  to  rail  transportation.  Among  the 
many  reasons,  there  are  three  that  stand  out  prominently : 

1.  Rapid  transportation  bv  rail  reaches  the  inland  cities  and 
towns.  There  has  never  been  an  interchange  of  freight  between 
shippers  by  river  and  rail,  but  through  no  fault  of  the  railroad. 
The  navigators  have  scolded,  and  blamed  the  decay  of  river 
transportation  on  railroad  companies  hut  made  no  effort  to 
locate  the  trouble  and  then  correct  it.  They  have  gone  on  as 
their  forefathers  have  done  while  the  railroads  have  forged  ahead 
rapidly  taking  all  the  business  in  sight. 

2.  The  lack  of  adequate  railroad  terminals  and  the  con¬ 
sequent  long  delays  in  loading  and  unloading  caused  serious  con¬ 
gestion  and  car  shortage  in  years  past,  and  led  the  railroads  to 
incorporate  modern  methods  of  handling  tonnage  by  power. 
More  and  larger  terminals  are  needed  to-day,  but  car  shortage 
through  delay  in  loading  and  unloading  is  a  thing  of  the  past. 
Neither  is  there  any  excuse  for  such  delays  coming  from  private 
corporations,  for  practically  every  big  shipper  has  equipped  him¬ 
self  with  up-to-date  facilities.  It  is  only  the  navigator  who  does 
things  to-day  as  his  great  grandfather  did  a  hundred  years  ago. 

3.  The  cost  of  labor  is  an  item  of  transportation  to-day 
that  makes  it  imperative  in  river  traffic  to  handle  every  possible 
ton  by  power.  In  railroad  transportation  there  have  been  great 
strides  made  in  the  building  of  engines  and  cars.  In  river 
transportation,  at  least  in  this  vicinity,  there  has  been  practically 
no  advancement  during  the  last  hundred  years.  The  methods  of 
loading  the  floating  craft  are  for  all  practical  purposes  the  same; 
the  methods  of  receiving  and  dispatching  freight  are  both  by  hand. 
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Wliat  railroad  to-day  could  survive  if  suddenly  called  upon  to 
use  engines  that  could  haul  only  one-half  of  the  present  load  and 
freight  cars  that  could  carry  only  one-half  the  average  tonnage 
now  carried,  and  to  load  and  unload  by  hand?  It  is  too  ridiculous 
to  discuss,  yet  this  is  exactly  the  proposition  of  river  transporta¬ 
tion  to-day.  There  are  no  facilities  for  receiving  or  dispatching 
freight  for  the  public  in  Pittsburgh.  There  are  wharf  l>oats 
owned  by  certain  packet  companies  that  are  struggling  for  exis¬ 
tence.  There  are  no  modern  wharves ;  there  are  no  modern 
stationary  or  traveling  cranes ;  there  are  no  warehouses,  and  so 
long  as  this  exists  there  will  be  no  river  transportation  worth 
while. 

Pittsburgh’s  Supremacy  ami  Future  Dependent  upon  l  rans- 
p  or  tat  ion.  There  are  two  packet  lines  operating  from  Pittsburgh 
down  the  Ohio  River  as  far  as  Cincinnati.  It  is  a  common  sight 
to  see  the  wharf  piled  high  with  crates  of  poultry  exposed  to  all 
kinds  of  weather.  It  is  a  wonder  that  the  Health  Department  and 
the  Society  for  the  Prevention  of  Cruelty  to  Animals  permit  it, 
yet  this  is  only  one  example  taken  from  many.  Expensive  ma¬ 
chinery,  landed  on  the  cobble-stone  paving  which  is  called  our 
wharf,  is  allowed  to  stay  there  hours  before  loaded  by  hand. 

Often  a  rise  over  night  floods  freight  dumped  out  of  a  packet 
boat  the  evening  before  on  the  cobble-stone  wharf.  Is  it  reason¬ 
able  to  expect  shippers  to  enthuse  over  such  conditions?  Could 
any  steam  road  compete  under  such  handicaps?  Is  it  fair  to 
condemn  the  whole  subject  of  transportation  by  river  when  such 
conditions  exist?  When  such  conditions  have  existed  for  all 
time  is  this  a  progressive  city?  The  answer  is,  emphatically,  No! 

Admitting  that  the  timber  has  all  been  cut,  that  the  oil  and 
gas  have  come  and  gone,  that  there  is  no  available  coal  for  public 
use  that  would  be  handled  by  navigation  ;  can  anyone  sanely  argue 
in  the  face  of  such  transportation  conditions  that  Pittsburgh  is 
not  being  starved,  as  it  were,  and  its  growth  dwarfed  on  account 
of  lack  of  transportation  facilities?  The  size  of  our  city  and 
the  growth  that  we  should  have,  demand  more  and  better  trans¬ 
portation  facilities.  There  can  be  no  more  intelligent  growth  of 
transportation  facilities  in  this  city  until  the  terminals  have  been 
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greatlv  increased.  This  is  one  of  the  most  serious  of  railroad 
problems  and  it  is  one  that  is  confronting  practically  all  the  rail¬ 
roads  in  this  vicinity.  Pittsburgh  never  realized  before  as  keenly 
as  she  does  now,  the  meaning  of  “survival  of  the  fittest.” 

Railroad  transportation  is  not  only  unsatisfactory,  but  the 
cost  is  almost  prohibitive.  With  the  building  of  a  few  more  locks 
and  dams  the  whole  waterways  system  will  be  completed  on  the 
Monongahela,  up  the  Allegheny  River  as  far  as  Kittanning,  and 
down  the  Ohio  River  to  Cairo.  It  is  believed  there  will  be  a 
canal  built  at  some  point  on  the  Ohio  River  connecting  with  the 
Great  Lakes.  Can  anyone  believe  that  this  great  system  of  trans¬ 
portation  is  destined  to  lie  here  idle  while  Pittsburgh  is  losing  her 
supremacy  in  the  manufacturing  world  for  want  of  transportation? 
If  so,  then  it  will  be  the  only  place  in  the  civilized  world  that 
such  a  thing  has  happened. 

Flood  Commission's  Report  on  Available  Power  and  Navi¬ 
gation.  In  1912,  the  engineers  of  the  Flood  Commission  of  Pitts¬ 
burgh  published  the  most  exhaustive  report  ever  written,  dwelling 
extensively  on  the  question  of  navigation.  Sites  for  numerous 
reservoirs  on  the  head-waters  of  the  Allegheny  and  Monongahela 
Rivers  were  located.  Surveys  were  made  showing  the  amount  of 
water  that  could  be  impounded  by  the  building  of  great  dams 
with  the  primary  object  in  view  of  regulating  the  flow  of  water 
during  times  of  excessive  floods  to  the  extent  of  reducing  the 
peak  height  of  what  otherwise  would  be  a  disastrous  flood  to  a 
high  water  run-off  producing  little  or  no  damage,  interfering  but 
slightly  with  the  industries  along  the  valleys  of  our  navigable 
rivers.  In  times  of  extreme  drought,  water  sufficient  to  operate 
the  locks  and  dams  on  the  Allegheny,  Monongahela.  and  Ohio 
Rivers  would  thereby  be  provided.  The  question  of  power  was 
merely  touched  upon  but,  since  the  publication  of  this  report  and 
the  printing  of  maps  showing  the  proposed  location  of  reservoirs 
and  dams,  power  companies  have  taken  out  permits  for  construc¬ 
tion.  The  State,  however,  gives  the  Flood  Commission  notice  of 
any  hearing  before  a  permit  is  granted  and  provision  is  incorpo¬ 
rated  in  the  permit  that  the  foundations  and  construction  of  any 
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dam  for  power  purposes  shall  be  so  designed  that  it,  in  the  future, 
additional  height,  sufficient  to  control  the  Hood  peak  he  desired, 
the  dam  can  be  extended  sufficiently  high  for  that  purpose. 

The  United  States  Government  exercises  control  over  all  the 
regulatory  bodies  in  the  respective  states.  It  grants  no  permit 
without  the  co-operation  of  the  commonwealth  in  which  such 
permit  is  desired.  This  is  an  insurance  against  any  grant  being 
so  framed  that  it  would  in  any  way  be  a  menace  to  navigation. 

River  Terminals.  The  amount  of  freight  handled  on  the 
Allegheny,  Monongahela.  and  Ohio  Rivers  in  the  Pittsburgh  dis¬ 
trict  for  1920/ the  date  of  the  latest  official  report,  was: 


Tons 


Rivers 


Allegheny  . 

Monongahela 


Ohio 


A  large  part  of  this  was  from  one  terminal  to  another  but  owned 
and  operated  by  private  enterprise. 

Coal  in  quantities  passes  up  and  down  our  rivers  but  most 
of  it  is  mined,  transported,  and  consumed  by  private  corporations. 
It  is  private  because  there  are  no  facilities  for  the  public.  Why 
did  not  the  corporations  owning  the  mines  ship  to  their  mills  by 


rail  ? 


Some  years  ago,  Senator  Burton  was  holding  a  public  meet¬ 
ing  concerned  with  navigation,  in  Washington,  by  request  of  cer¬ 
tain  shippers  on  the  Monongahela  River.  He  turned  to  one  at 
that  time  the  biggest  shipper  of  coal  down  the  Monongahela 
River,  and  asked  him  if  his  mines  were  in  the  Pittsburgh  district, 
and  of  course,  his  reply  was  “Yes”.  The  Senator  then  said : 
“Well,  sir,  what  is  your  freight  rate  from  your  mines  to  your 
furnace  and  rolling-mills  by  rail?”  and  the  answer  was  “  12  cents.” 
”\\  hat  does  it  cost  you,"  the  Senator  then  asked,  “to  transport 
your  coal  from  your  mine  tipples  by  your  own  boats  to  your  own 
furnaces  and  mills?”  and  the  reply  was  “from  to  7  cents  a 
ton.”  That  dialogue  shows  why  our  big  mill  owners  own  their 
own  steamers,  their  own  barges,  and  boats  for  their  own  trans¬ 
portation  of  coal.  These  great  mill  owners  do  that  in  order  to 
stay  in  the  market. 
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It  is.  very  questionable  it  the  steam  railroads  could  handle 
this  additional  tonnage  of  coal  and  insure  anything  like  the 
prompt  delivery  possible  by  water.  If  private  enterprise  has 
profited  to  such  an  extent  by  using  our  rivers,  why  not  let  the 
public  enjoy  some  of  the  advantages  and  profits  of  river  trans¬ 
portation  ? 

Traffic  Relations  between  Rail  and  River  Transportation. 
The  remark  is  commonly  made  by  those  interested  in  navigation 
that  the  steam  railroads  will  not  enter  into  any  traffic  relations 
with  water  transportation.  Would  any  sane  man  expect  them  to 
when  the  river  transportation  or  would-be  navigators  have  op¬ 
posed  in  our  city  every  effort  made  to  establish  a  terminal?  No 
railroad  is  going  to  trifle,  or  enter  into  any  traffic  relations  rela¬ 
tive  to  river  transportation,  until  there  are  facilities  to  receive 
and  dispatch  freight,  handle  it  after  receipt,  and  deliver  it  with 
some  assurance  of  promptness  and  safety.  A  bill  of  lading  from 
a  railroad  is  both  a  receipt  and  an  assurance  of  safe  delivery. 

In  river  transportation  to-day  what  guarantee  is  there  against 
loss ;  what  guarantee  to-day  against  damage  due  to  exposure ;  what 
insurance  is  there  against  theft  of  parts  of  machinery  dumped  on 
our  cobble-stone  wharf?  The  answer  may  come  back  from  the 
navigator  that  there  are  wharf  boats.  Such  an  answer  is  in 
keeping  with  his  sense  of  intelligent  progress.  If  there  is  to  be, 
at  any  time,  a  transfer  of  freight  between  the  railroads  and  the 
water  terminals,  it  should  not  be  attempted  along  the  river  front 
in  the  central  business  district,  but  should  be  at  the  respective 
terminals  of  the  main  trunk-line  railroads.  For  instance,  some¬ 
where  at  or  near  McKees  Rocks  a  terminal  arrangement  can 
be  had  with  the  Pittsburgh  and  Lake  Erie  Railroad ;  at  Glen- 
wood,  with  the  Baltimore  and  Ohio  Railroad ;  and  at  Sharpsburg 
with  the  proposed  new  terminal  of  the  Pennsylvania  System. 

Furthermore,  these  can  be  made  safe  harbors.  The  stock 
argument  of  the  river  interests  in  their  opposition  to  the  pro¬ 
posed  river  improvements  in  the  city  bond  issue  of  1911  was, 
as  they  claimed,  that  the  proposed  wall  along  the  Monongahela 
and  Allegheny  Rivers  would  destroy  the  harbor  for  navigable 
craft  during  time  of  floods.  If  that  be  true,  then  a  very  safe 
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harbor  which  would  hold  all  the  craft  that  will  ever  come  into 
this  section,  could  he  made  by  closing  the  upper  end  of  the  back 
channel  of  Brunot’s  Island. 

Traffic  Relations  between  River  Terminals  and  Truck  Trans¬ 
portation.  Assume  that  river  terminals  were  built  the  same  is 
all  over  Europe  and  that  it  were  possible  to  handle  freight  to 
and  from  river  boats  with  the  same  power  and  facilities  with 
which  the  steam  railroads  are  now  equipped,  and  that  the  steam 
railroads  refused  to  enter  into  any  traffic  relations.  That  should 
only  act  as  a  stimulant,  for  the  time  has  come  in  the  designing 
of  river  terminals  when  all  goods  can  be  received  and  dispatched 
by  trains  composed  of  trucks  that  will  radiate  in  every  direction 
and  go  everywhere,  go  where  the  railroads  would  never  think  of 
going  and  in  a  fraction  of  the  time  it  would  take  to  have  the  same 
goods  shipped  by  rail  to  the  nearest  railroad  station.  There  is 
no  reason  why  freight  received  at  Pittsburgh  by  boat  should 
not  be  delivered  by  trucks  the  same  day  even  to  a  distance  of  a 
hundred  miles  away. 

Solution  of  Problem  by  Wharf  Construction.  How  can  this 
be  accomplished?  How  can  the  cost  of  living  be  materially 
reduced?  How  can  produce  and  merchandise  required  in  our 
local  markets,  be  delivered  from  down-river  points  with  greater 
facility  and  less  cost,  thereby  greatly  reducing  the  cost  of  living, 
and  providing  a  great  impetus  to  packet,  produce,  and  light  freight 
transportation,  leaving  for  the  steam  roads  the  heavy  tonnage 
and  the  through  hauls?  The  answer  is,  build  a  modern  wharf. 

What  can  be  done  to  interest  our  city,  interest  the  public 
who  will  receive  the  direct  benefit  of  such  an  improvement,  to  the 
extent  that  they  will  vote  for  a  city  bond  issue  to  meet  the  ex¬ 
pense  of  the  improvement  that  will  come  from  the  building  of  a 
modern  wharf — an  improvement  that  will  reclaim  at  least  40  acres 
between  the  building  line  along  Water  Street  and  Duquesne  Way 
and  the  river  face  of  a  wall  extending  from  the  Smith  field  Street 
bridge  to  the  Point,  and  up  the  Allegheny  River  to  Ninth  Street. 

Such  an  improvement  will  : 

1.  Correlate  with  the  major  street  plan  for  Pittsburgh. 
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2.  Constitute  one  more  unit  added  to  the  completion  of  the 
outlet  for  the  Lincoln  and  Willliam  Penn  highways 
through  Pittsburgh  and  on  westward. 

3.  Correlate  with  the  city’s  sewage  and  drainage  systems. 

4.  Afford  a  protection  against  floods,  by  elevating  low  places 
in  Water  Street  and  Duquesne  Way. 

The  reclaimed  wharf  will  provide  for  modern  river  terminals 
and  warehouses,  an  80-foot  boulevard,  and  parking  space  for 
5000  automobiles. 

The  building  of  the  walls,  the  filling  back  of  them,  the  con¬ 
struction  of  the  boulevard  and  warehouses  can  all  be  done  at  a 
cost  of  about  $2,500,000,  based  on  present  prices. 

JJ’harf  Encumbrances.  There  are  few  obstacles  other  than 
changes  of  grade  along  the  wharf  on  the  Monongahela  River. 
Along  the  Allegheny  River  it  is  quite  different.  Immediately  on 
turning  the  Point,  the  whole  of  the  river  front  is  cut  off  by  the 
Exposition  Building,  which,  if  a  wharf  is  constructed  along  the 
Allegheny  River,  should  be  entirely  removed.  The  next,  and 
most  serious,  obstacle  to  the  improvement  of  the  wharf  is  the 
tracks  of  the  Pennsylvania  elevated  road  passing  down  the  Alle¬ 
gheny  wharf  to  the  Point.  If  these  tracks  are  allowed  to  re¬ 
main  on  the  wharf,  they  should  be  moved  out  to  the  pool-full  line 
or  to  where  the  face  of  the  proposed  wharf  should  be  placed. 

The  approaches  to  all  the  bridges  would  have  to  be  changed. 
The  grade  of  Duquesne  Way  should  be  raised  at  least  to  high 
water.  Should  the  wharf  he  extended  to  Eleventh  Street  the 
passage  under  the  Pennsylvania  Railroad  would  have  to  be  re¬ 
constructed.  If  Pittsburgh  could  enter  into  a  deal  with  the 
Pennsylvania  Railroad  that  would  call  for  the  removal  of  tracks 
along  the  left  bank  of  the  Allegheny  River,  from  near  Eleventh 
Street  to  the  freight  yards  at  the  Point,  both  would  be  gainers. 
There  would  be  no  occasion  for  additional  crowding  and  con¬ 
gestion  in  the  central  business  district  of  the  city  for  many  years 
to  come. 

The  city  council  should  be  very  careful  in  signing  up  any 
wharf  privileges  that  might  interfere  with  future  wharf  improve¬ 
ment. 
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The  Pennsylvania  now  owns  and  controls  20  acres  at  the 
Point.  Sixty  acres  can  he  reclaimed  by  the  building  of  a  wharf, 
thereby  adding  about  20  acres,  net,  of  building  area,  20  acres  jf 
improved  streets  and  Ixndevards,  and  about  40  acres  devoted  to 
navigation.  All  of  this  80  acres  added  to  the  area  of  the  central 
business  district  would  be  an  addition  of  40  per  cent. ;  or  nearly 
30  per  cent,  exclusive  of  the  20  acres  of  the  Pennsylvania  Railroad. 
If  there  were  to  be  no  improvement  in  navigation,  the  merits  of 
the  proposed  improvements  in  the  relief  of  congestion  and  the 
added  speed  of  vehicular  traffic  would  justify  a  bond  issue  cover¬ 
ing  all  the  proposed  expenditures. 

The  engineers  of  Pittsburgh  and  vicinity  can  perform  no 
greater  act  of  loyalty  and  co-operation  in  the  maintenance  of  Pitts¬ 
burgh’s  perpetual  supremacy,  than  that  of  championing  wharf  im¬ 
provement. 

That  Xew  Orleans  has  benefited  much  from  the  splendid 
results  in  wharf  improvements  and  water  terminals,  is  due  to  the 
fact  that  four  public-spirited  business  men  of  ability  are  ap¬ 
pointed  by  the  Governor  of  Louisiana  to  look  after  the  wharves 
and  shipping  interests  of  Xew  Orleans. 

Pittsburgh  should  have  a  like  representative  body  to  see  to  it 
that  we  enjoy  all  the  benefits  that  can  come  through  adequate 
wharf  improvements  and  transportation  facilities.  Transporta¬ 
tion  on  our  rivers  is  free.  The  use  of  our  locks  is  free.  Thev 
should  be  used  freely,  and  a  commission  for  Pittsburgh,  like  the 
one  in  Xew  Orleans,  will  stimulate  trade  on  our  rivers. 

When  Archbishop  John  Ireland  was  a  guest  of  Pittsburgh  on 
Columbus  Day,  in  1909,  he  was  taken  over  the  Point  bridge  and 
requested  that  he  be  permitted  to  alight  from  the  automobile. 
Doffing  his  hat,  he  said:  “I  salute  you,  I^a  Belle  of  History, 
the  Great  Ohio  River,  this  wonder  fid  stream  that  has  made  so 
much  history  for  this  great  country,”  and  turning  around,  extend¬ 
ing  both  his  hands  to  the  Monongahela  and  Allegheny  Rivers,  he 
used  these  words:  “Do  you  Pittsburghers  know  how  kind  God 
Almighty  was  to  you  and  how  much  he  has  done  for  this  wonder¬ 
ful  City,  with  its  three  great  rivers,  its  many  valleys  and  hills, 
dotted  with  fuel  for  vears  to  come?  If  vou  are  not  filled  with 
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civic  pride,  you  certainly  show  a  lack  of  appreciation  for  your 
wonderful  City.  Pittsburgh  is  known  all  over  this  broad  land, 
and  in  every  country,  and  without  your  wonderful  progress  in 
steel,  our  great  Northwest  could  not  have  become  the  great 
country  it  is.” 


DISCUSSION* 


Major  J.  F.  Bell:*  This  excellent  paper  by  Mr.  Morse  has 
been  delivered  at  an  opportune  time  on  a  subject  which  is  of 
urgent  importance.  Shipments  by  river  to  and  from  the  Pitts¬ 
burgh  district  are  growing  in  number  and  magnitude.  Applica¬ 
tions  for  private  use  of  part  of  the  waterfront  in  the  business 
section  are  now  before  the  city  authorities.  If  Pittsburgh  does  not 
direct  the  growth  of  her  waterfront,  it  will  grow  up  in  a  hap¬ 
hazard  way  and  have  to  be  rearranged  and  rebuilt  a  few  years  from 
now  at  great  cost.  We  must  have  properly  constituted  authorities 
created  and  a  general  plan  adopted  at  once.  Very  little  money 
need  be  spent  now.  Under  intelligent  and  businesslike  manage¬ 
ment,  the  whole  proposition  can  be  made  a  paying  proposition — 
something  that  will  be  an  asset  to  the  city  and  not  a  drain  on  the 
public  purse.  In  addition,  we  shall  have  increased  property  values 
and  better  traffic  facilities. 

We  must  study  what  has  been  and  is  being  done  at  other 
points — at  New  Orleans,  St.  Louis,  Nashville,  San  Francisco, 
Seattle,  and  New  York — and  learn  from  the  mistakes  that  have 
been  made.  The  greatest  mistake  has  been  delay;  the  next  greatest 
has  been  poor  management. 

The  following  is  quoted  from  a  report  on  Water  Terminal  and 
Transfer  Facilities  published  in  House  Document  109,  67th  Con¬ 
gress,  First  Session. 

“189.  Our  review  of  the  port  situation  of  the  United  States  shows: 

1.  That  there  is  not  in  most  of  them  a  well  co-ordinated  manage¬ 
ment,  and  that  well  constituted  port  authority  is  the  first  need. 

2.  That  under  these  port  authorities  comprehensive  plans  based  on 
principles  hereinbefore  laid  down  should  be  evolved. 

3.  That  a  port  can  only  be  successful  when  this  plan  is  based  upon 
the  business  available  in  its  tributary  area,  and  brings  ample  railway  facili¬ 
ties  into  the  closest  practicable  juxtaposition  with  the  water  front,  with 
sufficiently  wide  areas  available  for  cargo  classification. 

4.  That  with  the  increased  cost  of  labor,  mechanical  means  should 
be  adopted,  wherever  practicable,  for  handling  goods,  and  that  such  means 
should  be  at  hand  for  every  kind  and  shape  of  package. 

5.  That  ample  railroad  tracks  should  be  available  close  to  the  termi¬ 
nal  for  car  storage  and  car  classification. 


*U.  S.  Engineer  Office,  Pittsburgh. 
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6.  That  ample  warehouse  capacity  should  be  provided,  in  order  that 
both  ships  and  cars  may  be  dispatched  in  the  shortest  practicable  time. 
Too  many  of  our  ports  are  lacking  in  warehouse  facilities,  or  have  such 
facilities  at  inordinate  distance  from  the  terminal,  thus  involving  cartage 
or  extra  handling  for  local  railroad  haul. 

7.  Where  cartage  is  necessarily  a  feature  in  the  port  business  road¬ 
ways  and  loading  platforms  should  be  provided  for  the  full  accommoda¬ 
tion  of  trucks. 

8.  That  bunkering  facilities  of  such  character  as  to  supply  the  neces¬ 
sary  fuel  to  the  ship  while  handling  cargo  should  be  available. 

9.  That  ample  repair  and  dry  docking  facilities  should  be  provided. 

190.  No  matter  how  ample  the  provision  of  terminal  piers,  sheds, 
railways,  and  mechanical  equipment,  a  port  will  only  succeed  under  an 
efficient  and  well  coordinated  management.’’ 

These  fundamental  facts  have  been  determined  after  thorough 
investigation.  It  is  our  problem  to  apply  them  to  our  particular 
needs  and  then  act. 

Mr.  Winters  Haydock  :*  A  consideration  of  river-front 
improvements  will  to  a  certain  extent  assume  the  nature  of  a 
review  of  features  which  are  more  or  less  familiar  to  all  engi¬ 
neers  and  others  who  have  given  much  thought  to  civic  affairs 
and  which  have  in  some  cases  been  the  subject  of  official  reports. 
For  example,  the  1917  report  of  the  Transit  Commissioner,  Air. 
Morse,  goes  into  the  matter  of  river-front  thoroughfares  for 
the  triangle  district. 

In  discussing  the  relationship  of  river- front  improvements 
to  the  major  street  plan  of  Pittsburgh,  I  will  assume  as  a  basis 
for  discussion  the  adoption  of  a  major  street  plan  similar  to  that 
proposed  'bv  the  Citizens  Committee  on  City  Plan  of  Pittsburgh. 
This  is  a  scheme  which  defines  the  city’s  main  routes  of  circula¬ 
tion  as  they  should  be  developed  in  the  future  and  suggests  for 
each  portion  an  appropriate  traffic  capacity.  It  includes  among 
other  features  a  system  of  inner  and  outer  by-pass  thoroughfares 
designed  to  permit  all  traffic  not  having  business  in  the  triangle 
district  to  avoid  passing  through  the  interior  portion  of 
that  district.  An  analysis  of  traffic  made  by  the  Citizens  Com¬ 
mittee  in  1920  revealed  the  fact  that  over  18  per  cent,  of  the 
traffic  entering  the  central  business  district  was  through  traffic 
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which  was  compelled  to  pass  through  thi>  most  congested  part 
of  the  city  because  of  the  lack  of  a  system  of  by-pass  thorough¬ 
fares.  As  a  considerable  proportion  of  this  through  movement 
consists  of  heavy  slow-moving  traffic,  the  importance  of  its  elimi¬ 
nation  is  too  obvious  for  discussion. 

Essential  elements  in  such  a  by-pass  system  are  adequate 
thoroughfares  located  upon  the  periphery  of  the  congested  dis¬ 
trict  which  it  is  sought  to  relieve.  Streets  of  ample  traffic  capa¬ 
city  must  therefore  be  provided  along  the  river-front  boundaries 
of  the  business  district.  The  provisions  for  by-passing  to  the 
east  of  the  triangle,  and  the  exterior  by-pass  system  included  as 
a  part  of  the  major  street  plan  proposed  by  the  Citizens  Com¬ 
mittee,  are  related  to  the  river-front  problem  in  so  far  as  they 
affect  connections  with  these  two  river-front  streets.  But  there 
is  another  function  which  properly  developed  river-front  streets 
will  perform  which  is  of  equal  importance  with  their  function  as 
by-pass  arteries.  They  would  become  important  distribution  or 
header  streets  for  traffic  of  which  the  destination  is  within  the 
triangle. 

To  serve  this  double  purpose  properly  these  water-front 
streets  and  their  connections  should  be  developed  along  the 
following  lines. 

On  the  Allegheny  River  front  there  should  be  a  street 
having  a  roadway  of  width  sufficient  for  not  less  than  six  lines 
of  vehicles;  that  is,  having  a  roadway  about  54  feet  wide,  with 
ample  sidewalk  space  in  addition.  This  street  should  extend 
from  the  intersection  of  the  Point  bridge  and  the  Manchester 
bridge  approaches  at  least  to  Tenth  Street,  and  preferably  beyond. 
From  the  standpoint  of  plan,  this  water-front  street  should 
connect  with  Eleventh  Street  as  that  street  will  become  a  direct 
continuation  of  Grant  Street  when  the  proposed  relocation  of 
the  latter  north  of  Seventh  Avenue  is  put  into  effect.  Thus  if 

Eleventh  Street  and  Grant  Street  were  widened  to  80  feet  we 

• 

would  have  a  continuous  six-line  thoroughfare  between  streets 
near  'the  Allegheny  and  Monongahela  river  fronts.  However, 
we  should  not  lose  sight  of  certain  difficulties  in  the  way  of 
this  theoretically  preferable  plan.  For  example  it  would  be 
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necessary  'to  reconstruct  the  crossing  under  the  tracks  leading 
to  the  Pennsylvania  Railroad  bridge ;  and  there  would  also 
be  an  interference  with  one  bay  of  a  building  of  the  plant  of 
the  Mackintosh-Hemphill  Company. 

This  plan  contemplates  the  raising  of  the  grade  of  Du- 
quesne  Way  at  its  western  end  to  meet  the  intersection  of  the 
approaches  to  the  Point  bridge  and  the  Manchester  bridge. 
The  resulting  gradient  between  this  intersection  and  the  first 
street  to  the  east,  Barbeau  Street,  would  be  moderate.  The  re¬ 
moval  of  the  old  Exposition  buildings,  a  future  probability,  would 
make  possible  the  proper  width  for  this  portion  of  the  thorough¬ 
fare. 

The  securing  of  a  proper  width  for  this  street  east  of  the 
Exposition  buildings  is  dependent  upon  the  ability  of  the  city 
to  extend  the  width  of  level  ground  heyond  the  north  street 
line  of  Duquesne  Way.  The  building  of  the  suggested  quay 
wall  would  make  this  improvement  possible. 

A  serious,  though  not  insurmountable  obstacle  to  the  proper 
development  of  a  thoroughfare  on  the  Allegheny  River  front 
exists  in  the  elevated  structure  of  the  Pennsylvania  Railroad. 
There  would  appear  to  be  three  possibilities  to  be  considered  in 
connection  with  this  phase  of  the  problem  : 

1.  A  solution  of  the  terminal  requirements  of  the  railroads 
and  the  shippers  which  would  permit  of  the  removal  of 
this  structure  from  the  river  front. 

2.  The  conversion  of  Duquesne  Way  into  a  one-way,  east- 
bound  thoroughfare,  and  the  building  of  a  balancing 
west-bound  thoroughfare  on  the  river  side  of  the  ele¬ 
vated  structure. 

3.  The  shifting  of  the  elevated  structure  toward  the  river 
far  enough  to  permit  of  the  widening  of  Duquesne  Way 
to  the  required  width. 

There  can  be  no  doubt  but  that  the  first  of  these  three 

• 

schemes  would  be  the  ideal  solution  from  several  points  of  view. 
But  unless  some  authoritative  plan  for  the  removal  of  this 
structure  is  worked  out  we  will  probably  have  to  assume  that 
it  is  to  remain. 
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The  next  most  desirable  solution  is  without  doubt  the  third 
of  the  foregoing  schemes.  A  wide  double-sided  street  would  he 
better  than  two  narrow  one-way  streets  with  an  uglv  steel  viaduct 
in  the  middle.  An  examination  of  the  route  of  this  viaduct 
will  show  that  its  alignment  would  lie  improved  by  the  suggested 
shifting.  Furthermore,  we  should  not  lose  sight  of  the  fact 
that  this  plan  would  make  available  the  space  beneath  the  viaduct 
for  commercial  or  other  purposes. 

Before  leaving  the  question  of  the  Allegheny  River  front  I 
will  call  attention  to  the  relationship  of  the  three  Allegheny 
bridges  to  this  river-front  thoroughfare,  and  I  will  quote  the 
following  paragraph  from  the  major  street  plan  report  of  the 
Citizens  Committee  on  City  Plan. 

“It  is  possible  that  in  the  future  it  will  become  necessary  to  rebuild 
the  three  bridges  over  the  Allegheny  River  located  at  Federal  Street. 
Seventh  and  Ninth  Street.  If  the  Allegheny  and  Monongahela  River  fronts 
are  ultimately  to  be  improved  with  vertical  quay  walls,  these  walls,  in  order 
to  give  a  maximum  return  on  the  investment  involved,  should  lx;  placed  as  far 
out  from  the  present  shore  lines  as  the  Government  will  allow.  It  is  there¬ 
fore  obvious  that  in  designing  the  new  Allegheny  River  bridges,  considera¬ 
tion  should  be  given  to  this  possibility,  and  that,  in  so  far  as  possible,  the 
ultimate  location  of  river  front  structures  on  both  the  south  and  north 
banks  of  the  river  should  be  ascertained  before  these  bridges  are  rebuilt” 

Turning  now  to  the  Monongahela  side  of  the  triangle,  we 
should  widen  Water  Street  from  the  Point  to  Ross  Street  to  a 
width  sufficient  for  not  less  than  six  lines  of  vehicles.  This 
again  would  call  for  an  extension  of  the  flat  ground  toward  the 
river.  1  he  suggested  quay  wall  would  make  it  possible. 

I  he  principal  problem  to  he  solved  on  the  Monongahela 
side  would  be  the  planning  for  an  approach  from  Water  Street 
to  the  proposed  bridge  to  be  built  across  the  Monongahela  River 
to  the  Liberty  Tunnel.  As  a  matter  of  plan  it  would  seem  to  i>e 
much  better  that  the  greater  part  of  the  very  heavy  traffic  which 
will  some  day  use  this  bridge  be  delivered  to  a  properly  widened 
Water  Street  as  a  distributing  street  rather  than  to  the  already 
congested  eastern  entrances  to  the  triangle.  It  should  certainly 
not  be  added  to  the  load  to  be  carried  bv  the  new  Boulevard  of 
the  Allies. 
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Such  an  approach  would  he  made  possible  through  a  re¬ 
arrangement  of  the  Baltimore  &  Ohio  Railroad  passenger  termi¬ 
nal  facilities  and  the  co-operation  of  the  Federal  government  in 
the  matter  of  shifting  harhor  lines.  The  building  of  a  new  and 
finer  depot  by  the  Baltimore  &  Ohio  Railroad  is  something  to 
which  we  may  confidently  look  forward.  The  fact  that  the  city 
owns  the  river-front  property  between  Grant  Street  and  Smith - 
field  Street  which  is  now  occupied  by  the  Baltimore  &  Ohio 
passenger  depot  has  a  bearing  on  this  case.  The  most  advan¬ 
tageous  arrangement  would  probably  call  for  the  removal  of 
all  freight  facilities  from  the  western  side  of  the  “Panhandle” 
railroad  bridge  and  the  building  of  the  new  passenger  train- 
shed  to  the  east  of  Grant  Street  projected. 

This  westerly  bridge  approach  could  pass  over  the  “Pan¬ 
handle”  railroad  bridge  near  the  first  river  pier,  and,  with  a 
proper  adjustment  of  the  harbor  line,  continue  along  the  new 
river  edge  to  a  connection  with  Water  Street.  The  location  of 
this  connection  would  depend  in  part  upon  the  use  to  which 
the  reclaimed  area  on  the  river  front  is  to  he  put.  The  main 
approach  could  pass  under  the  Smithfield  Street  bridge,  thereby 
helping  to  relieve  congestion  at  the  end  of  that  bridge.  Another 
connection  could  be  made  by  extending  Grant  Street  south  from 
Water  Street  to  meet  this  approach.  This  would  require  a 
raising  of  the  grade  at  the  intersection  of  Grant  and  Water 
Streets,  which  however  would  not  be  a  serious  matter.  This 
extension  of  Grant  Street  might  even  pass  through  the  structure 
of  the  new  passenger  depot  with  pleasing  architectural  effects. 
The  maximum  grade  on  the  suggested  approach  would  he  five 
per  cent. 

The  foregoing  is  a  sketch  of  some  of  the  improvements  in 
our  thoroughfare  system  which  a  proper  development  of  the 
river  fronts  will  make  possible.  It  is  hard  to  see  how  we  can 
hope  for  a  satisfactory  solution  of  our  growing  traffic  problems 
unless  some  improvements  having  similar  results  are  to  be  put 
into  effect. 
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Mr.  Frederick  Bigger:*  Discussions  of  such  an  important 
phase  of  the  planning  of  Pittsburgh  as  that  having  to  do  with 
the  down-town  river  front  and  wharf  development  must  neces¬ 
sarily  bring  out  the  specific  points  of  view  of  the  engineer,  the 
transportation  expert,  the  manufacturer,  the  business  man  and 
others.  It  may  be  of  some  interest  to  indicate  the  approach  of 
the  town  plainer  to  the  subject,  inasmuch  as  this  approach  is 
primarily  concerned  with  the  general  problem  of  relationships 
and  secondarily  concerned  with  problems  of  detailed  design  and 
construction  in  so  far  as  these  affect  such  relationship. 

The  factors  or  elements  involved  in  the  general  problem 
might  be  very  simply  enumerated  or  listed.  I  believe  it  is  better 
•  to  submit  a  brief  descriptive  outline  indicating  their  correlation. 
This  may  appear  purely  theoretical  because  some  of  us  believe 
that,  in  practice,  there  will  probably  be  deviations  and  compro¬ 
mises  due  to : 

1.  Lack  of  basic  facts  and  information. 

2.  Inadequate  or  inaccurate  analysis  of  those  facts  which 
are  available. 

3.  Lack  of  broad  vision  and  foresight. 

4.  Special,  selfish,  or  partisan  interest. 

5.  Apathy  and  inertia  on  the  part  of  those  who  should  be 
interested. 

RELATION  TO  STREETS  AND  TRAFFIC 

This  phase  of  the  problem  involves  the  study  of  the  water¬ 
front  streets  as  they  are  at  present  in  location,  capacity  and  ar¬ 
rangement,  or  as  they  may  he  shifted  or  modified  in  position, 
enlarged  in  capacity  or  revised  in  arrangement — all  this  with 
respect  to  their  use  by  traffic  of  different  character,  as  follows: 

1.  Through  traffic  of  all  kinds  desiring  to  by-pass  the  busi¬ 
ness  district. 

2.  Local  traffic,  chiefly  trucking,  which  originates  or  has 
its  destination,  or  both,  in  establishments  not  on  wharf 
property  and  not  pertaining  to  wharf  usage. 

♦Architect  and  Town  Planner,  Citizens  Committee  on  City  Plan  of 
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3.  Traffic,  'both  commercial  and  pleasure,  which  has  its 
origin  or  destination  upon  the  so-called  wharf  land, 
whether  or  not  such  land  be  developed  for  strictly 
wharf  use. 

In  connection  with  the  foregoing,  there  is  the  problem  of 
the  bridges,  considered : 

.  * 

1.  As  parts  of  the  street  plan  directly  contiguous  to,  and 
integrated  with,  the  water-front  streets. 

2.  As  physical  structures  which  intersect,  either  at  grade, 
overhead  or  underneath,  the  strip  of  river-front  land, 
or  structures  to  be  built  thereon. 

RELATION  TO  TRANSIT  FACILITIES 

In  this  phase  of  the  subject  one  is  compelled  to  recognize  the 
fact  that  many  proposals,  official  and  unofficial,  have  been  made 
as  to  the  disposition  and  arrangement  of  street-railway  facilities 
in  the  business  district.  No  matter  how  immediately  practical 
any  suggestion  may  appear  which  is  specific  with  respect  to  the 
use  of  the  surface  or  sub-surface  of  any  streets  in  the  business 
district,  I  think  we  must  admit  that  the  facilities  in  this  district 
must  be  a  part  of  a  co-ordinated  transit  system  for  the  whole 
city.  There  is  therefore  implied  the  making  of  a  “transit  plan" 
such  as  that  now  being  studied  by  the  Citizens  Committee  on 
City  Plan.  A  comprehensive  plan  of  this  kind  should  answer 
the  following  questions  with  respect  to  adjustment  of  street 
railway  facilities  to  water-front  streets  and  wharf  land: 

1.  Will  surface  cars  occupy  the  water-front  streets? 

2.  Will  elevated  or  subway  lines  be  located  here? 

3.  Will  a  rapid-transit  loop  lie  desirable  on  any  part  of 
the  wharf  land  ? 

4.  Will  a  proper  use  of  the  wharf  demand  the  extension 
of  street-cars  tracks  upon  wharf  land,  either  to  meet 
street-railway  needs  or  to  integrate  transit  lines  with 
river  terminals  ? 

5.  Will  electric-railway  terminals  of  any  kind  be  located 
upon  the  wharf  ? 
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6.  Will  a  proper  wharf  development  scheme  require  ad¬ 
justment  to  the  crossing  of  this  territory,  or  encroach¬ 
ment  upon  it,  by  any  surface,  elevated  or  subway  lines 
leading  into  or  out  of  the  business  district  ? 

RELATION  TO  RAIL  AND  WATER  TRANSPORTATION  AND 

TERMINALS 

These  phases  of  the  problem  are  not  to  lie  separated  even  in 
an  outline.  The  problems  involved  probably  hulk  larger  in  the 
minds  of  those  present  than  any  other  aspect  of  the  general  prob¬ 
lem.  Study  of  these  phases  involves  the  development  of  schemes 
adjusted  to  existing  needs  and  to  future  growth  with  respect 
to  location  and  character  of  boat  landings  and  moorings,  loca¬ 
tion  of  trackage,  facilities  from  transfer  of  freight  by  approved 
and  economical  methods  of  various  kinds  between  railroad  cars 
and  boats  or  barges,  and  between  each  of  these  and  trucks  and 
warehouses.  It  involves  a  study  of  the  needs  of  the  shippers 
and  importers.  It  requires  adjustment  to  the  legitimate  needs 
of  either  rail  or  water  transportation  companies  for  individual 
facilities,  with  due  allowance  for  expansion.  It  involves  con¬ 
sideration  of  the  problem  of  public  ownership  or  operation,  or 
both,  of  terminal  facilities.  Throughout  this  phase  of  the  study 
it  should  not  be  forgotten  that  the  Water  Street  and  Duquesne 
may  be  developed  and  that,  for  any  given  facility  or  structure. 
Way  locations  are  not  the  only  parts  of  the  river- front  which 
the  value  and  desirability  of  development  of  other  sites  must  also 
be  considered. 

FLOOD  PREVENTION  AND  FLOOD  PROTECTION 

I  his  aspect  involves  those  problems  already  so  carefullv 
studied  by  the  Flood  Commission.  It  implies  decision  with  re¬ 
spect  to  measures  of  flood  prevention  and  control  beyond  the 
City  of  Pittsburgh.  Similarly,  it  implies  decision  with  respect 
to  the  hydraulic  cross-section  of  the  rivers,  the  height  and  type 
of  quay  wall  or  walls  which  may  appear  adequate  in  meeting 
all  needs. 
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SEWERAGE  AND  DRAINAGE 

Briefly,  the  study  of  this  phase  involves  such  planning  and 
adjustment  as  will: 

1.  Provide  for  the  proper  ejection  of  sewage  from  the 
mains  in  the  business  district  into  the  river,  so  that 
present  conditions  in  this  respect  are  maintained  or  im¬ 
proved  and  provision  made  for  future  development  of  a 
sewage  disposal  system.  This  naturally  includes  pro¬ 
vision  for  sewerage  of  the  developed  wharf  land  and 
buildings,  and  in  any  case  the  backing-up  of  sewage 
should' be  eliminated. 

2..  Provide  for  the  drainage  of  areas  now  drained,  as  well 
as  of  the  rearranged  or  remodeled  wharf  land,  and 
buildings  which  may  be  built.  This  provision  should 
include  protection  against  seepage  in  times  of  normal 
river  flow  as  well  as  during  floods. 

i 

PROBLEMS  OF  LAW  AND  REGULATION 

This  aspect  is  of  special  importance.  Original  grants  of 
wharf  land,  in  some  cases,  perpetually  preclude  the  use  of  such 
land  for  any  other  than  wharf  purposes.  Given  comprehensive 
plans,  thoroughly  devised  as  to  physical  arrangement  and  human 
use,  there  may  well  arise  the  desire  to  modify  or  reinterpret  the 
law  so  as  to  permit  progress  along  modern  lines  of  wharf  de¬ 
velopment.  In  the  meantime,  governmental  laws  and  regulations 
imposed  or  enforced  by  the  War  Department,  which  thus  con¬ 
trols  the  rivers,  may  appear  desirable  of  modification.  For  ex¬ 
ample,  there  is  involved  the  question  of  location  of  the  harbor 
lines  and  any  changes  therein  which  may  be  suggested.  This, 
in  turn,  involves  the  development  of  such  a  general  scheme  or 
schemes  for  the  use  of  the  definitely  circumscribed  land  and 
water  areas  that  the  fullest  use  of  each  may  be  secured  without 
interference  of  the  one  with  the  other. 

RECREATION  AND  THE  SOCIAL  ASPECT 

There  are  two  phases  of  the  social  aspect  of  the  general  prob¬ 
lem.  One  phase  has  to  do  with  the  assurance  of  convenience  and 
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safety  to  all  persons  who  may  make  use  of  the  commercial 
facilities  which  are  developed.  This  is  naturally  implied  through¬ 
out  the  present  outline  and  further  mention  of  it  is  unnecessary. 

The  second  phase  involves  the  study  of  special  recreation 
facilities.  Such  study  should  produce  answers  to  the  following 
questions : 

1.  How  much  of  the  wharf  property  shall  he  given  over 
to  specific  social  use  for  recreation? 

2.  Which  portions  of  the  area  may  he  so  developed  without 
undue  interference  with  commercial  development? 

3.  What  types  of  recreation  development  should  he  made? 

THE  ESTHETIC  ELEMENT 

Extended  argument  in  favor  of  beautification  is  not  per¬ 
missible  here.  Any  development  which  may  he  made  can  he 
judged  as  to  its  artistic  merit.  Good,  bad,  or  indifferent,  some 
verdict  is  inescapable;  therefore,  I  believe  the  artistic  element 
must  be  recognized  as  essential.  It  is  essential  in  any  park 
development  and  equally  essential  in  the  development  of  the 
commercial  elements.  Whether  we  are  concerned  with  a  build¬ 
ing,  a  bridge,  an  open  space,  a  street,  or  a  city,  the  beauty  of 
the  fundamental  structure  (which  is  the  only  true  beauty)  is  to 
be  secured  only  through  tl/e  exercise  of  both  artistic  designing 
ability  and  structural  designing  ability  by  those  who  arrange  the 
structural  elements.  Granting  that  the  utilitarian  problem  must 
be  adequately  solved,  it  must  he  remembered  that  the  mere  ap¬ 
plication  of  ornament  or  color,  no  matter  how  profusely  used, 
cannot  conceal  the  inferiority  of  a  structure  which  is  poor  in 
its  fundamental  artistic  design. 

SUMMARY 

City  planning  appears  to  me  to  mean  the  consideration  and 
decision  of  questions  concerning  the  character  and  relation,  one 
to  the  other,  of  various  parts  of  the  city;  various  elements  of 
its  physical  make-up;  and  various  aspects  of  the  life  and  activi¬ 
ties  of  its  citizens.  It  is  a  complex  field  in  which  are  involved 
factors  which  are  physical,  social,  and  economic.  It  cannot  he 
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approached  safely  by  methods  of  snap  judgment.  The  future 
must  be  considered.  Ultimate  practicality  may  mean  more  than 
im/mediate  practicality.  It  is  a  fatal  policy  which  says  “let  us 
get  something  done,  no  matter  what  it  is.”  Any  scheme  or  plan 
will  be  good  or  bad,  therefore,  in  proportion  to  the  thoroughness 
with  which  the  planners  have  analyzed  and  correlated  the  various 
elements  in  the  problem  and  none  of  the  problems  mentioned 
in  this  outline  should  be  considered  alone.  As  each  is  studied 
there  must  be  a  constant  study  of  its  relationship  to  all  the  other 
problems  of  the  comprehensive  scheme.  Only  thus  can  we  avoid 
over-emphasis  in  some  places  and  under-emphasis  in  others. 

If  this  subject  of  water-front  development  is  considered 
comprehensively,  we  can  hope  for  an  ultimate  improvement 
which  will  be  enormous  in  value,  striking  in  appearance,  wide¬ 
spread  in  its  influence,  and  a  development  of  which  Pittsburgh 
will  be  justly  proud. 

PARK  DEVELOPMENT  AND  BEAUTIFICATION 

In  the  preceding  outline  were  included  items  pertaining  t> 
recreation  and  to  beautification.  It  was  taken  for  granted  that 
these  items  required  no  justification. 

None  but  the  most  phlegmatic  and  unimaginative  citizen 
will  dispute  the  contention  that  provisions  of  recreational  charac¬ 
ter  are  vitally  important  and  should  be  included  in  any  com¬ 
prehensive  plans  of  the  down-town  waterfront.  At  present, 
the  men  and  women  workers  of  the  business  district,  after  lunch¬ 
ing  or  dining,  may  spend  the  few  remaining  recreation  min¬ 
utes  free  to  them  in  the  dairy  lunch  room,  the  William  Penn 
Hotel  cafeteria  or  the  Duquesne  Club,  or  in  walking  or  loiter¬ 
ing  on  the  crowded  sidewalks.  With  properly  located  and  de¬ 
signed  wateitront  parks  there  would  be  opportunity  for  re¬ 
creating  energy,  interest  and  enthusiasm  and  opportunity  tor 
refreshing  the  body  and  the  mind.  Workers  so  refreshed  repre¬ 
sent  increased  economic  efficiency;  but,  even  if  this  were  not 
true,  I  hold  that  the  social  gain  in  enabling  people  to  improve  in 
health  and  alertness,  to  become  less  like  machines  and  more  like 
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human  beings,  is  in  itself  complete  justification  for  making  the 
proper  development  of  open  spaces  for  the  purpose. 

Normally,  perhaps,  what  we  call  the  strictly  utilitarian  needs 
of  commerce  must  be  given  precedence.  These  will  not  entail 
the  utilization  of  every  bit  of  land.  After  legitimate  utilitarian 
needs  have  been  met,  there  will  be  a  residue  of  land  whicii 
can  safely,  and  without  opposition,  be  developed  as  a  park  or 
parks.  It  may  even  be  worth  while  to  make  concessions  from 
the  commercial  development  in  order  to  secure  a  more  useful 
park  development.  I  say  this  with  full  realization  that  it  may 
appear  like  business  heresy,  but  with  an  equal  realization  that 
the  general  object  is  to  achieve  a  well  balanced  development  in 
which  no  vital  part  is  unduly  restricted  in  an  effort  to  over¬ 
emphasize  some  other  vital  part.  I  hold  the  recreational  use 
a  vital  one ;  man  cannot  live  by  bread  alone. 

Because  this  need  is  so  vital,  I  personally  do  not  approve  of 
any  scheme  which  sets  a  precedent  for,  or  implies  the  perma¬ 
nent  use  of,  any  public  space  on  the  waterfront  for  the  storage 
or  parking  of  the  inanimate  and  privately  owned  automobile. 
Direct  human  needs  are  greater;  the  majority  of  the  workers 
in  the  business  district  do  not  own  automobiles,  and  I  would 
give  their  recreation  needs  first  attention.  I  would  meet  the 
disturbing  problem  of  automobile  storage  by  the  erection,  in 
suitable  locations,  of  properly  designed  storage  garages.  These 
might  preferably  be  privately  owned  and  controlled,  but  in 
any  case  the  automobile  owners  as  a  group  are  the  legitimate 
payers  of  the  bill. 

I  can  see  no  argument  for  the  inclusion  of  playground  equip¬ 
ment  or  facilities,  and  no  convincing  argument  for  any  athletic 
facilities,  in  the  areas  under  discussion.  The  need  is  rather  for 
a  park,  or  parks,  laid  out  with  walks,  planted  with  trees,  shrubs 
and  flowers,  equipped  with  many  conveniently  placed  seats,  and 
having  any  additional  architectural  or  sculptural  elements  which 
may  be  desired  for  the  purpose  of  adding  to  the  attractiveness 
of  a  “rest”  park. 

Before  basic  information  on  the  various  phases  of  waterfront 
development  has  been  secured,  analyzed  and  correlated,  definite 
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suggestions  as  to  extent  and  type  of  park  development  should  be 
made.  However,  one  may  freely  make  a  number  of  rather  loose 
and  general  suggestions  to  which  some  study  may  later  be 
directed. 

The  Point.  A  more  or  les-s  formal  park  development  should 
be  made  at  the  actual  Point.  The  minimum  area  which  should 
be  studied  as  a  scheme  unit  is  that  hounded  by  the  north  and  west 
lines  of  the  Pennsylvania  Railroad’s  Duquesne  station  property 
and  the  rivers  (or  river  walls,  if  any)  from  Penn  Avenue  around 
to  Barbeau  Street.  The  scheme  should  eliminate  the  Exposi¬ 
tion  buildings.  It  should  include  adequate  roadway  approaches 
to  the  bridges  on  Water  Street  and  Duquesne  Way,  a  carefully 
studied  arrangement  for  the  traffic  intersection  of  these  roadways 
and  those  on  the  bridges,  decision  as  to  the  exact  location  of  the 
end  of  the  proposed  new  Point  bridge,  raising  of  the  actual  point 
of  land  between  the  bridges  to  the  level  of  the  adjacent  ap¬ 
proaches  and  the  creation  of  a  “look-out'’  space  thereon.  This 
raising  of  the  land  might  extend  eastward  over  the  unbuilt-upon 
ground  west  of  the  Exposition  music  hall  and  from  there  lie  ter¬ 
raced  down  to  the  general  wharf  level  established  by  the  quay 
wall.  The  park  area  thus  made  should  be  designed  with  parterres 
of  lawn,  flowers  and  shrubs;  trees  should  be  planted,  walks  and 
balustrades  constructed,  benches  placed,  and  possibly  a  sculp¬ 
tured  memorial  incorporated  into  the  design.  In  the  latter  event 
the  greatest  possible  care  should  be  exercised  in  determining 
the  “scale’’  of  this  sculpture  because  the  whole  tract  will  be 
dominated  by  the  huge  bridge  structures.  A  slight  stretch  of 
the  imagination  might  enable  11s  to  visualize  the  moving  of  the 
Block  House  to  a  specially  prepared  setting  as  a  part  of  this 
scheme.  Such  a  proposal  would  no  doubt  be  opposed  by  the 
patriotic  ladies  who  control  that  historic  structure,  but  there 
would  appear  to  be  at  least  one  important  precedent  for  such 
action  in  the  removal  of  the  little  brick  house  of  William  Penn 
from  down-town  Philadelphia  to  its  present  much  visited  loca¬ 
tion  in  Fairmount  Park. 

Parks  at  Bridge  Ends.  Developments  of  somewhat  similar 
character  might  be  made  at  the  ends  of  the  Smithfield,  Sixth, 


1023] 


DISCUSSION — WATERFRONT  IMPROVEMENTS 


291 


Seventh  and  Ninth  Street  bridges.  J  lere  is  good  opportunity 
for  more  or  less  formally  arranged  park  treatment.  Adequate 
provision  for  traffic  must  he  made,  but  additional  space  might 
be  set  aside  for  development  in  parterres  of  planting,  walks, 
seats  and  drinking  fountains.  It"  this  were  done  we  should 
escape  the  present  feeling  of  being  almost  forcibly  propelled 
from  the  bridge,  across  Duquesne  Way  or  Water  Street,  into 
the  canyon  ol  street  ahead  of  us.  Instead  we  should  have  a  feel¬ 
ing  of  freedom,  opportunity  to  pause  at  the  river’s  edge  to 
enjoy  the  beautified  open  space  and  the  perennial  interest  of  the 
river  itself.  My  own  feeling  is  that  some  of  these  parks  might 
he  extended,  perhaps  merged  with  an  adjacent  one;  and  that 
the  same  idea  might  he  developed  opposite  the  ends  of  Wood, 
Ferry,  and  Stanwix  Streets.  Retention  of  the  elevated  struc¬ 
ture  on  Duquesne  Way  will  make  the  designing  of  the  park 
features  more  difficult  than  if  this  structure  were  removed,  hut 
I  see  nothing  impossible  in  the  problem  provided  the  designer 
were  free  either  to  mask  or  embellish  the  viaduct  structure 
wherever  adjacent  to  the  park  development.  Personally  1  should 
prefer  to  see  the  viaduct  removed,  but  would  await  with  an  open 
mind  convincing  proof  that  its  retention  is  necessary. 

Special  Development  of  Water  Street.  It  appears  to  me  that 
a  special  development  similar  to  that  just  mentioned  might  be 
made  upon  (the  Monongahela  River  front,  extending  from  the 
Baltimore  and  Ohio  Railroad  passenger  terminal  westward  to 
Wood  Street  and  perhaps  even  farther.  It  appears  probable 
that  a  new  terminal,  when  it  is  built,  will  be  withdrawn  east¬ 
ward  so  as  to  leave  vacant  that  citv-owned  property  upon  which 
the  present  station  building  now  stands.  There  is  a  great  op- 
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portunity  here  for  the  architect  to  design  a  particularly  hand¬ 
some  building  in  a  particularly  interesting  setting.  A  phase  of 
the  designing  would  include  the  creation  of  some  architectural 
feature  symmetrically  placed  on  the  axis  of  Grant  Street  so  that 
the  interest  of  this  street  would  culminate  in  the  station  build¬ 
ing.  The  west  faqade  of  the  terminal,  if  properly  designed,  will 
suggest  the  idea  that  this  is  an  entrance  to  the  city,  that  visitors 
arriving  here  will  emerge  from  the  station  portals  into  the  city. 
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It  is  therefore  important  that  they  do  not  get  the  idea  that  it 
is  a  neglected  rear  entrance,  but  rather  a  main  entrance  of  dignity 
and  beauty.  To  secure  this  effect  I  would  develop  park  features 
the  lines  of  which  in  plan  would  be  more  or  less  formal  and  be 
integrated  with  the  architectural  features  of  the  faqade.  There¬ 
fore,  between  the  widened  roadway  of  Water  Street  and  the 
quay  wall  (or  the  wall  separating  the  wharf  level  from  the  ramp 
which  may  descend  from  the  Liberty  bridge),  there  should  be 
developed  a  scheme  of  walks,  parterres  of  lawn,  grouping  of 
shrubbery,  a  rather  profuse  planting  of  .  trees,  space  for  many 
benches  so  placed  as  to  afford  a  view  of  the  river,  and  any 
special  features  such  as  drinking  fountains,  statues,  balustrades 
and  the  like.  Cross  walks  would  be  necessary,  parallel  to  and  at 
each  side  of  the  Smithfield  Street  roadway.  Similar  cross  walks 
would  be  provided  opposite  the  end  of  Wood  Street  and,  if  the 
park  extended  so  far,  also  opposite  the  end  of  Market  Street. 
I  would  block  entrance  to  the  park  between  these  streets  so  that 
pedestrians  would  cross  Water  Street  only  at  street  intersections. 
From  the  park  level,  which  presumably  would  be  that  of  Water 
Street,  steps  or  ramps  would  descend  to  the  water’s  edge  or  to 
a  walk  at  a  lower  level  near  the  water.  These  would  be  ad¬ 
justed  to  afford  access  to  water  craft,  and  it  would  therefore  be 
necessary  to  adjust  the  capacity  of  such  facilities  as  well  as 
the  width  of  cross  walks  so  as  to  handle  passengers  from  excur¬ 
sion  boats  without  entailing  damage  to  trees  or  planting  because 
of  the  inadequacy  of  these  provisions.  At  a  proper  location, 
probably  immediately  west  of  Wood  Street,  I  would  erect  a 
well-designed  open  pavilion  or  band  stand  constructed  of  the 
same  material  as  the  railroad  station,  located  on  the  longitudinal 
axis  of  that  building  and  of  the  park.  If  this  band  pavilion  were 
located  on  the  axis  of  Wood  Street  it  would  be  a  local  point  add¬ 
ing  interest  for  those  who  approach  the  river  on  that  street. 

The  Citizens  Committee  on  City  Plan  in  its  Report  upon  a 
Major  Street  Plan  for  Pittsburgh  gave  its  opinion  that  “the 
down  town  water-front  should  be  an  open  development  chiefly 
arranged  as  a  public  park  with  necessary  adjustment  for  es¬ 
sential  wharf  uses.”  I  think  the  fair  implication  is  that  actual 
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terminal  buildings  may  after  proper  study,  be  found  to  be  more 
advantageously  placed  elsewhere.  This  Committee  is  now  mak¬ 
ing  a  recreation  study  of  which  the  down-town  waterfront  will 
be  a  part.  The  Committee  is  leaving  this  problem  until  the  last, 
until  more  information  as  to  utilitarian  needs  has  been  secured. 
Therefore,  what  I  have  suggested  here  is  merely  personal  general¬ 
ization.  However,  I  think  we  should  keep  in  mind  the  necessity  for 
recreational  development  and  for  fundamental  artistic  treatment 
along  the  river  front,  both  for  the  satisfaction  of  our  citizens 
and  for  the  appeal  that  will  be  made  to  visitors.  Visitors  will 
carry  away  an  indelible  impression,  either  of  negiect,  as  at 
present,  or  of  alertness  and  civic  pride  if  the  problem  is  properly 
solved. 

Mr.  A.  H.  Burchfield:*  1  am  not  an  engineer  and  I  sup¬ 
pose  what  I  say  may  he  punctured  full  of  holes.  I  think  there 
is  crying  need  for  a  number  of  things  in  Pittsburgh.  First,  we 
need  to  provide  proper  protection  against  floods.  There  cer- 
tainly  is  no  good  reason  why  Pittsburgh  should  have  to  suffer 
again  as  it  did  from  the  great  flood  of  March  15,  1907,  causing 
millions  of  dollars  worth  of  damage.  The  damage  was  not 
all  caused  by  the  water  from  the  head-waters  of  the  Allegheny 
and  Monongahela  Rivers  overflowing  the  banks  in  Pittsburgh, 
but  was  caused  largely  by  heavy  local  rains  and  lack  of  a  proper 
sewerage  system  and  means  of  preventing  sewage  from  entering 
the  basements  of  the  buildings.  Second,  there  is  the  transpor¬ 
tation  question.  Having  been  in  business  in  down-town  Pitts¬ 
burgh  for  36  years,  I  believe  I  know  something  about  the  trans¬ 
portation  question.  I  have  studied  it  because  I  have  to  use  it 
and,  naturally,  I  am  vitally  interested  in  it. 

Of  course  there  are  other  problems  to  solve  in  the  triangle 
known  as  the  “down-town  district”  in  addition  to  floods,  sewage 
and  transportation.  \Ye  also  have  the  parking  and  street  widen¬ 
ing  problems  to  solve.  Studies  are  being  made  to  correct  all 
of  these  and  in  so  doing  it  is  hoped  that  a  number  of  them 
can  be  corrected  at  the  same  time. 


•Vice-President.  Joseph  Horne  Co..  PittsburKh. 
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My  solution  in  part  would  be  a  subway  from  the  East 
End,  which  would  come  out  at  grade  and  be  elevated  past  the 
Pennsylvania  station,  north  on  Tenth  Street,  west  along  the 
Allegheny  River  on  an  elevated  structure,  around  the  Point,  up 
the  Monongahela  River  past  the  Baltimore  &  Ohio  station 
turning  to  the  right  into  a  subway.  By  this  arrangement,  every 
car  that  comes  into  the  down-town  part  of  the  city  could  use  the 
loop  and  make  a  complete  circuit.  This  loop,  or  belt  line,  could 
be  connected  up  with  the  West  End,  South  Side,  and  North 
Side  cars  by  one  of  several  methods. 

Needless  to  say,  the  triangle  is  a  congested  area  and  we  have 
spent  a  lot  of  money  to  correct  some  of  the  congestion  and  will 
be  obliged  to  spend  a  great  deal  more  in  the  near  future.  It 
is  said  that  almost  one-third  of  the  down-town  triangle  is  not 
used  to  advantage  and  cannot  and  will  not  be  until  adequate 
transportation  facilitates  are  provided.  1  see  no  reason  why 
cars  could  not  he  looped  by  this  method  and  practically  every 
spot  in  the  triangle  served  and  become  good  business  property. 
If  this  loop  were  built  around  the  city  and  15  loading  stations 
put  in,  the  load  or  crowd  at  the  station  wanting  to  get  on  would 
be  divided  into  15  parts.  Then  these  15  stations  could  be  divided 
into  five  or  six  platforms.  There  about  120  cars  per  hour  (on 
an  average)  either  coming  in  or  going  out  of  the  city  at  the 
peak  time.  With  a  six-track  elevated  line,  these  cars  would 
loop  the  city  much  faster  than  they  are  now  doing  on  the  surface 
and  this  arrangement  would  allow  the  streets  to  be  used  prin¬ 
cipally  for  automobiles,  trucks  and  other  vehicles,  as  well  as 
pedestrians.  It  is  very  evident  that  our  streets  are  inadequate 
for  the  use  to  which  they  are  put  and  something  must  be  done 
to  relieve  the  congestion.  In  other  words,  somebody  must  get 
off  the  streets  in  the  down-town  triangle.  If  the  street  cars  are 
kept  to  the  wharves,  or  the  rim,  it  will  help  solve  the  problem 
and  provide  proper  facilities  for  taking  care  of  the  one-third 
of  the  triangle  which  is  not  now  used  to  advantage  and  which 

o  o 

can  be  made  as  valuable  as  any  spot  in  the  city. 

We  should  also  have  wharf  walls  built  at  the  earliest  possible 
moment.  They  should  start  at  the  Point  and  extend  up  river  on 
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the  south  bank  of  the  Allegheny  and  the  north  bank  of  the 
Monongahela  as  far  as  possible  at  this  time  and  later  take  in 
such  other  portions  of  the  river  banks  as  found  necessary 

and  practicable. 

If  wharf  walls  and  an  elevated  loop  for  street-cars  are 
built,  at  the  same  time  recreation  and  parking  facilities  could 
be  provided  and  proper  provision  made  for  river  transporta¬ 
tion  at  comparatively  slight  additional  cost,  and  a  system  in¬ 
stalled  for  better  taking  care  of  the  sewage  of  the  city  during 
flood  times,  so  as  not  to  cause  much  damage  to  the  basements 
of  the  down-town  business  properties. 

There  are  still  a  number  of  streets  in  the  down-town  sec¬ 
tion  which  should  be  widened,  such  as  Water  Street,  Duquesnc 
Way,  Stanwix  Street  and  several  others.  All  of  these  improve¬ 
ments  should  be  considered  at  one  and  the  same  time,  as  it 
goes  without  saying  that  if  the  river  wall,  elevated  loop,  subway, 
street  widening,  and  sewage  system  improvements  are  under¬ 
taken  at  the  same  time,  the  cost  will  be  considerably  less. 

I  hear  someone  saying,  however,  “Will  the  traction  com¬ 
pany  help  pay  for  it?”  It  seems  to  me  that  that  is  immaterial. 
Even  if  the  City  of  Pittsburgh  makes  certain  of  these  improve¬ 
ments  and  hands  them  over  to  the  traction  company  on  some 
equitable  basis,  in  time  they  would  certainly  pay  for  themselves 
from  increased  taxation  and  increased  prestige  and  business 
which  would  be  bound  to  follow  from  the  more  efficient  use  that 
would  be  made  of  all  the  down-town  property,  as  there  is  still 
considerable  property  that  is  paying  comparatively  little  taxes 
and  causing  a  great  deal  of  dissatisfaction.  Once  this  property 
is  provided  with  adequate  transportation  facilities,  etc.,  it  will 
undoubtedly  increase  in  value  and  should  be  worth  from  f»  to  10 
times  more  per  foot  front. 

If  the  transportation  system  suggested  were  now  in  opera¬ 
tion,  we  could  leave  this  hall,  walk  possibly  half  a  square  and 
select  one  of  six  platforms,  from  which  we  would  take  the 
car  that  would  transport  us  to  our  homes,  instead  of  walking 
to  the  terminal  of  the  particular  line  that  we  use.  In  addition. 
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there  should  be  certain  cars  that  would  bisect  the  city,  passing 
under  this  loop  and  giving  transfers. 

Mr.  E.  Logan  Hill:*  Cheap  water  transportation  has 
always  existed  but  its  importance  has  never  been  fully  recog¬ 
nized.  It  has  been  said  that  there  is  no  large  city  in  the  world 
that  is  not  located  upon  a  navigable  waterway,  and  I  remember 
some  years  ago  hearing  it  said  that  Worcester,  Mass.,  was  the 
largest  city  in  the  world  not  so  situated.  The  population  in 
Worcester  at  that  time,  if  my  memory  is  correct,  was  about 
160,000. 

Cheap  water  transportation  is,  of  course,  most  desirable 
from  an  economic  point  of  view,  providing  proper  advantage 
can  be  taken  thereof ;  and  by  this  I  mean  the  cost  of  loading 
commodities  on  and  removing  them  from  the  river  steamers  or 
ocean-going  vessels,  as  the  case  may  be.  For  example,  a  ton 
of  billets  might  be  conveyed  by  water  from  Pittsburgh  to  Cin¬ 
cinnati  at  a  rate  one-half  of  that  charged  by  rail  transportation, 
but  it  is  obvious  that  if  it  cost  equally  as  much  to  load  the  billets 
on  the  boat  as  to  move  them  down  the  river,  then  the  water  rate 
has  no  final  advantage  over  the  railroad.  It  would  follow  that 
in  order  to  take  advantage  of  cheap  water  transportation  eco¬ 
nomical  means  for  loading  and  unloading  commodities  must  be 
provided.  This  proposition  is,  of  course,  equally  true  of  rail¬ 
road  transportation.  In  New  York,  for  example,  it  costs  more 
to  load  a  crate  of  manufactured  articles  in  a  box  car  than  it 
does  to  transport  this  crate  half  way  to  Chicago,  after  it  is  in 
the  car. 

One  does  not  pursue  this  process  of  reasoning  long,  before 
he  concludes  that  the  problem  of  handling  freight  mechanically 
so  as  to  reduce  the  cost  is  a  pressing  one,  and  one  which  is  well 
worthy  of  proper  solution. 

The  subject  of  handling  freight  by  mechanical  means  can 
be  divided  as  between  bulk  material  in  the  first  case  and  package 
freight  in  the  second  case.  The  latter  division  is  in  itself  divis- 
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ible  into  two  parts,  namely,  heavy  package  freight  and  miscel¬ 
laneous  package  freight.  In  different  parts  of  the  world  these 
problems  have  been  worked  out  with  varying  degrees  of  efficiency, 
but  there  is  no  other  place  where  the  handling  of  bulk  cargoes  has 
been  developed  to  such  high  efficiency  as  in  this  country. 

I  refer  specifically  to  the  methods  of  handling  ore  and 
coal  at  the  ports  on  the  Great  Lakes.  The  development  of  this 
art  has  been  carried  to  a  high  point  of  perfection  by  the  genius 
of  American  engineers  and  designers,  and  it  is  but  reasonable 
to  conclude  that  equally  satisfactory  progress  can  be  made  in 
this  country  along  the  line  of  handling  package  freight. 

I  have  often  been  asked  why  it  is  that  in  the  port  of  Xew  York, 
for  instance,  there  are  so  few  cargo-handling  cranes,  whereas 
in  the  great  European  ports  there  are  hundreds  of  these  effi¬ 
cient  machines.  This  question  seems  all  the  more  paradoxical 
when  it  is  remembered  that  we  unload  in  Xew  York  the  com¬ 
modities  which  are  loaded  in  Europe  and  that  we  load  in  Xew 
York  into  the  same  ship  material  which  must  be  unloaded  in 
Europe.  There  is,  therefore,  no  truth  in  the  oft-repeated  state¬ 
ment  that  the  conditions  differ  enough  to  explain  the  absence 
of  cranes  in  this  country.  The  real  explanation  of  the  absence 
of  more  cranes  on  this  side  of  the  Atlantic  lies  in  the  fact  that 
the  steamship  companies,  before  the  advent  of  the  longshore¬ 
men's  unions,  were  in  the  habit  of  employing  the  crew  on  this 
side  to  unload  the  vessel  using  ship's  tackle.  It  was  thus  possible 
to  get  along  without  cranes.  On  the  return  of  the  vessel  to  its 
home  port  in  Europe,  however,  the  crew  wanted  to  go  to  their 
homes,  and  the  necessity  for  cranes  for  unloading  the  ships 
in  these  premises  was  evident. 

It  has  been  five  or  six  years  since  the  first  cargo-handling 
cranes  were  installed  by  Heyl  &  Patterson,  Inc.,  of  this  city,  in 
the  port  of  Xew  York,  and  it  has  taken  a  long  time  to  convince 
the  steamship  and  railroad  companies  and  the  municipal  authori 
ties  of  the  soundness  of  the  arguments  that  ships  can  be  un¬ 
loaded  with  less  cost  and  with  greater  despatch  by  means  of 
cranes  than  by  means  of  ship’s  tackle.  At  the  present  time, 
however,  this  contention  is  more  trenerallv  admitted  and  there 
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are  now  under  construction  a  number  of  cranes  being  installed 
on  one  of  the  city  piers. 

This  brings  us  to  the  subject  of  the  type  of  crane  which 
is  best  adapted  to  the  work  in  question.  To  most  people  the 
word  crane  calls  to  mind  a  steam-locomotive  crane.  These 
machines  cost  somewhere  between  $15,000  and  $20,000,  and 
are  very  useful  when  properly  employed.  A  locomotive 
crane  regularly  assigned  to  a  particular  locality  and  work¬ 
ing  through  stipulated  cycles  of  movement  of  travel,  rotation,  and 
hoist,  is,  however,  not  an  efficient  machine.  In  the  premises  just 
stated,  electrical  current  nowadays  being  invariably  available, 
much  money  can  lie  saved  by  designing  and  installing  electric 
cranes  particularly  suited  to  the  work  involved.  Once  this  is 
done  the  steam-locomotive  crane  is  immediately  subject  to  these 
important  disadvantages — time  is  lost  in  generating  steam,  pro¬ 
curing  water  and  coal,  and  stand-by  losses  always  encountered 
by  steam-boilers  are  ever  present.  Further,  locomotive  cranes, 
involving  as  they  do  a  multiplicity  of  clutches,  brakes,  gear  levers, 
beveled  gears,  etc.,  are  very  expensive  to  maintain.  The  average 
maintenance  expense  on  a  15-ton  locomotive  crane  based  on  11 
such  cranes  on  a  division  of  one  of  the  New  York  trunk-lines 
amounted  to  nearly  $4000  a  year. 

If  there  are  advantages,  then,  in  the  use  of  electric  cranes, 
the  next  question  to  decide  is  what  type  of  electric  crane  is  best 
suited  for  the  purpose  in  question.  In  general,  there  are  two  such 
types,  one  known  as  the  straight-line  crane  and  the  other  the 
revolving  jib-crane.  It  is  generally  conceded  that  of  the  two  the 
revolving  jib-crane  has  the  greater  flexibility,  whether  or  not  the 
boom  is  of  the  luffing  type.  The  reasons  for  this  are  as  follows: 

1.  A  straight-line  crane  working  from  a  ship  to  the  pier 
has  a  very  small  area  in  which  to  deposit  its  load  on  the 
pier.  Unless  these  drafts  are  removed  promptly  the  crane 
is  delayed. 

2.  The  revolving  jib-crane  on  the  other  hand  swings  through 
an  arc  and  there  is,  therefore,  less  liability  of  congestion 
at  the  landing  point. 
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The  capacity  of  a  crane  is  the  most  important  point  to  be 
considered.  On  any  given  pier  such  questions  as  these  arise : 
Shall  one  20-ton  crane  be  purchased,  or  four  5-ton  cranes,  or 
ten  2-ton  cranes;  and  here,  again,  the  straight-line  crane  is  sub¬ 
ject  to  a  disadvantage.  The  answer  to  these  questions  can  usually 
be  found  by  determining  the  average  load  to  be  handled  in  the 
case  of  miscellaneous  package  freight  being  taken  from  the 
steamer.  The  average  load  seldom  exceeds  2000  pounds,  so  that  a 
2-  or  2^2-ton  crane  is  generally  considered  to  possess  the  most 
efficient  capacity.  Obviously,  the  occasional  four-  or  five-ton 
load  con  be  handled  by  two  adjacent  revolving  jib-cranes  bv 
placing  their  booms  together  over  the  hatch  as  the  load  is  hoisted 
.from  the  hold.  The  booms  can  be  rotated  inward  simultaneously 
and  the  cranes  travel  apart  in  such  a  way  as  to  land  this  load 
at  the  proper  point  on  the  pier.  Straight-line  cranes  as  ordinarily 
built  do  not  have  their  booms  arranged  to  swivel  in  a  horizontal 
plane,  and.  as  a  result,  the  booms  cannot  be  brought  together  to 
handle  the  occasional  heavy  loads. 

There  are  so  many  variables  entering  into  the  operation  of 
handling  freight  (such  as  the  weight  and  size  of  the  package 
encountered,  the  type  of  ship  or  barge  from  which  it  is  taken, 
the  kind  of  freight-car  on  which  it  is  to  be  loaded  whether  it  is 
a  box-car  or  an  open  car,  the  location  of  the  tracks  as  referred  to 
the  point  at  which  the  freight  is  to  be  handled,  the  fixed  structures 
or  parts  thereof  that  must  be  cleared  by  the  freight  in  its  path 
from  the  point  of  origin  to  point  of  delivery,  etc.),  that  it  is  most 
desirable  and  well  worth  while  to  devote  some  study  to  these 
matters  before  making  up  one’s  mind  as  to  just  what  features 
should  be  incorporated  in  the  design  of  a  suitable  crane  for 
doing  the  work  in  question. 

It  is  impossible  to  design  material-handling  machinery  which 
will  handle  a  piano  or  automobile  truck  in  one  instance,  and  a  can 
of  condensed  milk  in  another  instance,  and  do  both  efficiently. 
It  will  readily  be  seen  that  it  is  impossible  to  develop  a  standard 
crane  of  any  fixed  radius  and  capacity  to  meet  the  varying  con¬ 
ditions,  hence  it  follows  that  efficient  machinery  of  this  sort  most 
as  a  rule  be  designed  and  built  to  order. 
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'I'he  foregoing  remarks  are  all  of  a  general  nature  and  apply 
to  the  general  problem  of  material  handling  by  mechanical  means, 
and  it  would  now  seem  desirable  to  call  attention  to  the  more 
specific  points  which  must  be  kept  in  mind  by  a  city  such  as  Pitts¬ 
burgh  in  developing  its  river  terminals.  In  general,  an  efficient 
river  terminal  for  Pittsburgh  should  be  so  designed  and  con¬ 
structed  that  it  will  possess  the  following  characteristics: 

1.  Provision  must  be  made  so  that  the  operation  of  the 
terminal  can  be  carried  on  with  the  level  of  the  water  of 
the  river  at  any  point  between  the  maximum  and  minimum 
levels  encountered  throughout  the  year. 

2.  The  water  side  of  the  terminal  should  be  equipped  with 
some  semi-portal  revolving  jib-cranes,  to  the  end  that 
package  freight  picked  up  from  the  river  steamers  or 
lighters  could  be  hoisted  vertically  the  necessary  height 
and  then  swung  around  and  loaded  upon  railroad  cars 
or  trucks.  This  would  involve  the  placing  of  railroad 
tracks  and  truck  driveways  within  a  horizontal  distance 
of  preferably  35  feet  from  the  outer  edge  of  the  structure. 

3.  Means  should  be  provided  for  conveying  package  freight, 
not  loaded  directly  upon  trucks  or  railroad  cars,  into 
the  building  and  transporting  it  to  a  proper  point  of 
temporary  placement. 

The  reverse  movement  should  likewise  be  kept  in  mind.  Let 
us  follow  for  a  moment  a  water  shipment  with  a  number  of  kegs 
of  railroad  spikes  from  a  dealer  in  Pittsburgh  to  a  customer  in 
St.  Louis.  We  will  assume  these  kegs  of  spikes  loaded  on  a 
motor  truck,  and  the  truck  driven  into  a  modern  terminal  located 
on  the  river  here  in  Pittsburgh ;  and  to  complicate  the  matter  we 
will  assume  that  the  spikes  arrive  at  the  river  terminal  the  day 
before  the  river  steamer  is  due.  Under  these  conditions  the  truck 
will  drive  into  the  terminal,  the  crane  for  handling  material 
within  the  building  will  pick  up  the  kegs  of  spikes  by  the  use  of 
a  magnet  and  deposit  them  in  tiers  at  a  suitable  point,  releasing 
the  truck  immediately.  On  the  arrival  of  the  steamer  this  crane, 
in  turn,  would  pick  up  the  spikes  and  land  them  outside  of  the 
building  within  reach  of  the  revolving  jib-crane  which  can  be 


19221 


DISCUSSION — WATERFRONT  IMPROVEMENTS 


:toi 


used  to  load  the  steamer.  '1'his  crane  would  likewise  he  equipped 
with  a  magnet  and  the  kegs  would  thus  he  handled  mechanically 
from  the  time  of  leaving  the  point  of  shipment  on  the  Pittsburgh 
side  to  the  time  of  arrival  on  the  deck  of  the  river  steamer.  On 
arrival  of  the  steamer  in  St.  Louis  the  shipment  would  he  trans¬ 
ferred  from  the  ship  to  trucks  in  the  reverse  order  with  similar 
equipment,  which,  as  you  will  readily  agree,  will  involve  a  mini¬ 
mum  handling  cost. 

The  lack  of  material-handling  facilities  in  this  country  was 
keenly  felt  during  the  war,  primarily  because  it  took  so  long  to 
unload  and  despatch  ships  which  were  carrying  to  Europe  the 
necessary  provisions.  You  will  appreciate  this  point  when  I  state 
that  a  pier  equipped  with  cargo-handling  cranes,  one  for  each 
hatch  for  the  ships  in  question,  can  unload  and  despatch  ships  in 
six  days  as  compared  with  10  days  required  when  ship’s  tackle  is 
used.  Furthermore,  the  cost  per  ton  of  unloading  such  a  ship  by 
means  of  cranes  is  about  half  the  cost  of  unloading  by  means  of 
ship’s  tackle. 

Heyl  &  Patteron,  Inc.,  of  this  city,  were  the  first  to  realize  the 
importance  of,  and  to  design  and  construct  modern  man-trolley 
bridges  for,  handling  bulk  materials,  and  in  the  same  way  they 
have  been  pioneers  in  the  design  and  construction  of  cargo-hand¬ 
ling  cranes. 


Mr.  Morris  Knowles:*  Mr.  Morse’s  excellent  and  timely 
paper  shows  that  the  problem  of  river  regulation  is  tied  up  with 
all  the  various  questions  of  waterfront  improvements  which  arc' 
being  discussed  this  evening.  It  shows  how  clearly  interdependent, 
one  upon  the  other,  are  the  various  projects  and  the  various 
phases  of  community  planning  and  river  treatment,  which  will  he 
helped  materially  by  a  comprehensive  and  broad-minded  view  of 
the  entire  subject.  Just  so  it  was  shown  in  the  Report  of  the 
Flood  Commission  of  Pittsburgh,  to  which  reference  has  been 
made  by  the  author,  that  the  erection  of  a  large  wall  merely  to 
protect  land  in  Pittsburgh  from  overflow  was  a  narrow  proposi- 


•President  Morris  Knowles,  Inc. 
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tion.  Although  this  would  have  been  the  cheaper  project  to  the 
citizens  of  Pittsburgh  directly,  indirectly  it  would  have  failed. 
This  is  because  it  did  not  embrace  the  many  beneficial  effects 
which  the  reservoirs  on  the  head- waters  would  have  produced, 
not  only  at  Pittsburgh  but  elsewhere  on  the  streams,  in  regard 
to  floods,  navigation,  water-power,  water-supply,  etc.  Similarly, 
such  construction  of  a  large  wall  to  prevent  overflow  would 
have  resulted  in  an  economic  disaster  to  the  city,  because  it  would 
have  prevented  the  proper  development  of  its  wharf,  its  railroad, 
street-railway  and  highway  systems,  etc.  Likewise,  in  studying 
the  hydraulics  of  river  regulation,  the  pendulum  must  not  swing 
too  far  in  the  other  direction  and  conceive  an  ideal  situation 
whereby  floods  would  be  entirely  prevented  by  means  of  storage 
reservoirs,  without  supplementing  them  with  some  form  of  a 
river' wall  of  lesser  height.  Even  by  a  combination  of  reservoirs 
and  river  walls,  it  is  not  always  wise  or  economically  sound  to 
attempt  to  make  flood  prevention  100  per  cent,  perfect  and  to 
prevent  all  overflow  above  the  normal  high  water  or  pool-fuil 
line.  It  may  be  better  to  endure  the  damage  of  the  seldom  oc- 
curing  floods,  as  long  records  show,  rather  than  pay  forever  .the 
interest  on  an  excessive  investment  to  prevent  such  rare  occur¬ 
rence.  It  generally  pays — and  Pittsburgh  is  no  exception — to 
protect  by  local  measures  the  lands  that  are  subject  to  frequent 
overflow  with  annually  recurring  floods  of  not  extreme  height. 

The  construction  of  flood  walls  or  barriers  of  moderate  height 
in  connection  with  river  regulation  often  creates  a  marked  im¬ 
provement  in  the  general  convenience,  pleasure,  and  esthetic  ap¬ 
pearance  of  a  community.  They  reclaim,  to  a  useful  purpose, 
low-lying  territory  which  is  generally  misused,  frequently  left 
to  miscellaneous  filling  and  very  often  the  catch-all  of  detritus 
and  waste.  The  building  of  protective  walls  means  the  cleaning 
of  banks  and  such  improvement  may  be  made  attractive  with  a 
boulevard  or  parkway  development,  so  that  ill-kept,  unsightly 
banks,  such  as  we  have  in  Pittsburgh,  may  be  changed  and  be  of 
service.  A  good  example  of  this,  familiar  to  all,  is  the  develop¬ 
ment  along  the  left  bank  of  the  Susquehanna  River  at  Harris¬ 
burg,  where  Front  Street  is  one  of  the  most  attractive  drives  in 
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Pennsylvania.  A  similar  situation  obtains  at  Sunbury,  Pa.,  where 
a  boulevard  on  top  of  a  levee  provides  a  pleasurable  detour 
and  drive  without  passing  through  the  business  district. 

Too  often  the  building  of  bank  walls  is  confused,  in  the 
public  mind,  with  the  question  of  river  encroachment,  and  those 
not  familiar  with  the  hydraulics  of  stream  flow  often  think  that 
the  construction  of  walls  along  the  river  tend  to  restrict  the 
river  channel,  thus  retarding  the  flood  waters  and  increasing  the 
flood  height.  This,  of  course,  is  not  necessarily  or  usually  true  if 
vertical  walls  are  constructed  along  the  shore,  particularly  if  the 
bottom  is  graded  out  in  connection  with  the  same  improvement 
and  thus  an  increased  cross-section  obtained.  This  stream  dis- 
-  charge  is  then  considerably  increased  over  and  above  what  the 
river  flow  would  have  been  if  the  banks  were  not  thus  restricted 
and  the  river  allowed  to  spread  over  the  neighboring  land.  The 
reason  for  this  is  manifest  to  the  student  of  hydraulics,  because 
the  hydraulic  mean  radius  is  greater  and  the  friction  of  rough 
obstructing  lands  is  removed  and  an  even  surface  of  a  concrete 
wall  substituted  therefor. 

In  this  connection,  it  may  be  remarked  in  passing,  that  the 
proposition  advanced  bv  some — that  the  proposed  protection  wall 
in  Pittsburgh  shall  be  columnar  and  open  instead  of  a  vertical 
plane — will  defeat  one  of  the  purposes  for  which  the  wall  has 
been  planned.  In  the  case  of  a  parapet  supported  on  piers  there 
will  be  no  additional  carrying  capacity  for  floods,  because  the 
opening  would  increase  the  friction  over  and  above  that  which 
will  result  from  a  smooth  vertical  surface  and  the  flow  of  water, 
in  and  out  and  underneath  the  wharf  or  arched  wall,  would  of 
itself  increase  rather  than  decrease  the  resistance  to  the  main 
flow  of  the  stream.  Another  factor  to  he  considered  in  connec¬ 
tion  with  such  an  open  structure  is  that  detritus  would  collect 
under  the  wharf  with  every  flood  and  the  situation  would  soon 
become  very  objectionable  with  the  accumulation  of  such  waste 
material. 

In  its  investigation  of  the  flood  wall,  the  Flood  Commission 
of  Pittsburgh  made  a  number  of  studies  based  upon  use  with 
and  without  the  construction  of  reservoirs  on  the  head-waters  of 
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the  two  rivers  and  with  different  amounts  of  dredging.  These 
studies  were  made  according  to  two  general  plans:  first,  with  walls 
constructed  along  the  present  'bank  line  of  the  stream ;  and  second, 
with  walls  designed  for  a  standard  stream  cross-section  and  run¬ 
ning  across  certain  minor  curves  and  bends  in  the  stream.  The 
balancing  factor  against  the  expense  of  the  greater  cost  of  the 
wall  was  the  credit  to  construction  cost  which  would  accrue 
from  the  value  of  the  reclaimed  lands.  However,  a  wall  fol¬ 
lowing  the  present  bank  line,  with  but  little  dredging  to  im¬ 
prove  critical  places,  was  found  to  be  the  cheaper. 

The  height  varies,  in  case  of  a  wall  following  the  present 
river  banks,  from  an  average  of  14  feet,  with  reservoirs,  to 
from  28  to  30  feet,  without  reservoirs,  and  the  amount  of  land 
reclaimed  varies  from  7  to  52  acres.  On  the  other  hand,  by 
the  construction  of  a  wall  along  the  lines  of  a  standard  stream 
cross-section  (although  the  wall  varies  from  28  to  34  feet  in 
height  depending  upon  the  amount  of  dredging,  and  upon 
whether  reservoirs  are  to  be  constructed  or  not)  the  amount 
of  land  reclaimed  varies  from  324  to  337  acres. 

This  wall,  according  to  the  recommended  plan,  was  designed 
to  take  care  of  a  flood  stage  two  feet  higher  than  that  of  the 
flood  of  1907  when  reduced  by  the  use  of  reservoirs.  It  is 
to  be  supposed  that  in  the  course  of  a  great  many  years,  a 
flood  higher  than  1907  will  occur,  but  it  is  reasonably  certain 
that  provisions  for  a  disaster  two  feet  higher  than  the  1907 
stage  will  take  care  of  a  flood  occurring  in  general  not  oftener 
than  once  in  20  years.  With  certain  combinations  of  conditions, 
like  the  rain-fall  of  March,  1913,  which  produced  the  great  Miami 
flood,  the  Allegheny  drainage  basin  would  produce  a  flood  a: 
least  10  feet  higher  than  that  of  1907. 

The  action  of  Congress  involving  river  and  harbor  improve¬ 
ments,  shows  that  the  federal  government  is  becoming  more  and 
more  inclined  to  render  financial  aid  for  such  improvements, 
only  where  it  can  he  supplemented  by  monetary  and  constructive 
assistance  from  the  local  communities  in  helping  themselves  by 
the  development  of  local  facilities.  As  shown  by  the  author, 
there  is  an  increased  understanding,  that  if  river  transportation  is 
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to  be  made  available  to  the  public  at  large,  and  it  consequent 
saving,  due  to  the  cheap  transportation  which  is  possible  under 
proper  river  regulation,  is  to  be  secured,  this  can  be  accomplished 
only  through  a  co-ordination  of  traffic  between  rail  and  water. 
Here  in  Pittsburgh  we  face  an  ever-increasing  need  of  area 
for  the  accomplishment  of  business  in  the  “golden  triangle’’ 
and  this,  if  for  no  other  reason,  should  bring  about  a  compre¬ 
hensive  study  for  the  complete  improvement  of  the  city  involving, 
as  has  already  been  pointed  out,  all  the  other  phases  of  muni¬ 
cipal  development. 

Many  American  cities  are  adopting  plans  for  the  compre¬ 
hensive  development  of  water  frontage  and  the  handling  of  river, 
rail,  vehicular  and  other  traffic.  Pittsburgh  seems  to  be  the  last. 
There  is  no  one  way  to  take  care  of  our  river  front  fully,  but 
a  vertical  wall  with  a  top  which  will  provide  wharfage,  termi¬ 
nal  facilities  and  level  filling  to  provide  parking  for  automobiles, 
and  a  widened  street  area  for  a  boulevard  for  through  traffic, 
are  worthy  of  consideration.  Conferences  and  studies  by  those 
who  are  most  interested  in  these  features  of  city  development 
and  in  the  use  of  the  rivers  should  bring  about  an  understand¬ 
ing  in  Pittsburgh,  as  it  has  elsewhere  throughout  the  country, 
that  river  transportation  will  be  improved  and  not  injured  by 
the  proper  carrying  out  of  a  comprehensive  river  program.  This 
will  include  the  prevention  of  and  protection  from  floods,  the 
development  of  power,  and  increase  of  water-supply,  and  general 
municipal  improvement  will  be  accomplished  at  the  same  time 
as  a  part  of  the  same  general  comprehensive  scheme.  We  should 
all  get  back  of  the  authorities  in  the  promotion  of  such  a  laudable 
enterprise. 

Mr.  J.  M.  Rice:*  It  is  evident  that  if  any  of  these  plans 
for  the  development  of  the  river  front  are  carried  out  they  are 
going  to  bring  a  much  larger  number  of  people  to  your  river 
front,  and  when  that  occurs  you  will  be  confronted  with  the 
sewage  problem.  The  sewage  system  of  the  down-town  district 
unfortunately  has  to  take  care  of  not  only  the  “golden  triangle  ’ 
but  an  area  about  twice  that  size.  We  have  the  Eleventh  Street 
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sewer  coming  down  on  the  Monongahela  side,  and  indeed  there 
are  fourteen  sewers  between  the  Point  and  Eleventh  Street 
entering  the  Allegheny  River  and  twelve  on  the  Monongahela. 
While  some  of  them  are  small,  others  are  large  and  do  cause 
some  nuisance  and  menace.  The  number  of  people  who  are 
served  by  these  sewers  is  surprising.  From  the  report  of  the 
Transit  Commission  I  find  there  are  280,000  to  300,000  people 
entering  the  triangle  every  day  and  there  are  probably  100,000 
permanently  employed  there.  There  is  a  resident  population 
of  only  about  3000.  Idle  resident  population  using  the  sewer 
system  is  about  11,000.  That  gives  a  large  constant  dry-weather 
flow  of  sewage  into  the  river  and  this  is  vastly  increased  in 

time  of  storms,  for  our  sewers  are  of  the  combined  system, 

carrying  both  storm  water  and  sewage. 

We  do  have  the  problem  of  infiltration  to  some  extent  due 
to  the  rise  and  fall  of  the  rivers.  As  to  just  how  important  this 
is  I  have  not  been  able  to  obtain  figures ;  but  it  is  evident  that 
just  as  soon  as  you  start  to  develop  you  will  have  to  face  the 
question  of  co-ordinating  that  development  with  the  collection 
and  disposal  of  sewage.  Two  questions  are  involved  in  this — 
the  elimination  of  nuisance  at  the  outlets  of  sewers,  and  the 
general  question  of  sewage  disposal  and  treatment  for  the 
protection  of  the  communities  on  the  river  lower  down  who  may 
have  to  use  this  water  for  domestic  purposes.  In  1910  the 
State  Department  of  Health  issued  a  decree  to  the  city  of  Pitts¬ 
burg  requiring  it  to  prepare  a  plan  for  the  collection  and  dis¬ 

posal  of  sewage.  For  two  years  the  city  authorities  and  four 
eminent  consulting  engineers  worked  on  this  problem  and  in 
1912  brought  in  a  report  which  did  provide  for  the  comprehensive 
collection  and  disposal  of  this  sewage  at  a  cost  of  something  like 
$37,000,000  and  recommended  against  it.  Since  that  time  there 
have  been  many  discussions  between  state  authorities  and  the 
city  but  nothing  has  been  done.  But  we  are  drawing  closer  and 
closer  to  the  time  when  some  means  of  treatment  will  have  to 
be  supplied  for  this  sewage,  particularly  that  entering  the  river 
in  the  down-town  section.  The  immediate  solution  of  this  prob- 


1922] 


DISCI  SSION — WATERFRONT  IMPROVEMENTS 


HO? 


lem,  no  matter  what  its  ultimate  solution,  will  be  the  building 
of  intercepting  sewers  on  both  sides  of  the  triangle  along  the 
rivers.  This  can  he  incorporated  into  any  kind  of  quay  wall 
at  a  great  saving  of  cost  over  two  separate  constructions.  In 
addition  to  the  sewers  proper  they  will  require  overflow  cham¬ 
bers  to  take  care  of  storm  water,  because  it  is  not  advisable  to 
attempt  to  handle  •'>00  or  600  gallons  per  capita.  The  storm 
waters  can  he  discharged  into  the  river.  That  will  require 
brick  chambers  and  pumping  stations  in  times  of  high  water 
to  prevent  hacking  up.  And  those  pumping  stations  may  be 
necessary  at  the  lower  end  for  treatment  purposes. 

As  part  of  the  immediate  development  we  will  need  some 
form  of  submerged  outlets  into  the  river  to  distribute  this 
sewage  instead  of  concentrating  it  at  a  few  points  as  at  present. 
In  the  future  we  will  have  to  add  some  form  of  .treatment  and 
that  may  possibly  take  the  form  of  screening  or  possibly  the 
activated  sludge  process.  These  processes  require  comparatively 
little  space  and  it  would  seem  to  be  the  part  of  wisdom  for  the 
city  in  making  any  comprehensive  plan  to  keep  this  in  mind  and 
provide  space  where  these  facilities  could  be  placed.  They  can 
all  be  underground,  and,  if  carefully  thought  out  in  advance, 
they  might  not  interfere  with  any  commercial  or  transportation 
facilities  which  have  been  discussed  here.  The  sewers,  how¬ 
ever,  are  fixed  bv  the  laws  of  hvdraulics  and  once  established 
can  not  very  well  be  changed;  therefore  in  making  any  compre¬ 
hensive  plan  it  will  be  necessary  to  keep  the  sewage  question 
in  mind. 

Mr.  Harry  J.  Lewis:*  The  first  problem  to  be  met  in 
any  improvement  of  river  frontage  is  to  secure  in  the  channel 
a  flow  section  which  is  as  free  as  possible  from  obstruction 
along  the  sides,  in  order  that  we  may  be  able  to  keep  navigable 
water  up  to  the  work  without  great  expense  for  dredging.  The 
channel  should  therefore  be  kept  down  to  an  even  width  which 
will  force  it  to  scour  clean  in  flood.  This  reduction  of  width 
is  already  in  effect  in  the  Pittsburgh  district 
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The  top  of  the  wall  or  other  improvement  should  be  high 
enough  so  that  when  materials  are  lifted  from  river  craft  to 
any  vehicle  on  shore,  they  should  be  practically  on  a  level  with 
the  city  streets.  Not  less  than  ten  feet  of  water  should  be  al¬ 
lowed  for  in  front  of  the  wall.  These  two  elements  make  a 
fairly  high  wall  in  all  cases  and  a  simple  gravity  wall  absorbs 
a  lot  of  material. 

There  are  three  types  of  hoist  which  can  be  used  to  advan¬ 
tage  on  the  river  front — the  revolving  locomotive  crane;  the 
even-arm  gantry,  and  the  bridge  crane.  Each  of  these  needs  a 
track  of  from  16-  to  18-foot  gage  as  close  to  the  edge  of 
the  wall  as  possible.  In  designing  the  support  for  the  rear  rail, 
which  must  be  tied  into  the  outer  rail,  all  of  this  material  can 
be  used  to  reduce  the  outer  section  of  wall. 

This  wide-gage  track  on  the  outer  edge  of  a  wall  is  prob¬ 
ably  the  most  elastic  device  that  can  be  used  as  it  will  carry 
three  types  of  crane  and  if  any  one  of  them  is  set  on  high  legs, 
all  shore  vehicles  may  be  brought  to  the  outer  edge  of  the 
wall  with  but  little  obstruction. 

When  a  locomotive  crane  is  used  in  connection  with  a 
bin  on  shore  for  handling  bulk  materials,  its  work  is  so  rapid 
as  to  leave  it  a  lot  of  idle  time  as  compared  with  the  older 
fixed  hoists.  This  tends  to  stimulate  a  search  for  further 
uses  in  order  to  take  up  the  idle  time  of  the  crane  and  thereby 
to  increase  the  handling  of  materials  to  and  from  the  river. 


STRUCTURAL  ENGINEERING  PROBLEMS  IN  TRANS¬ 
MISSION-LINE  CONSTRUCTION 


By  James  S.  Martin* 

It  will  be  impossible  within  the  limits  of  this  brief  paper  to 
give  a  complete  analysis  of  all  the  problems  arising  in  connection 
with  the  planning  and  construction  of  lines  for  the  transmission 
of  electric  power  from  the  generating  station  to  the  consumer. 

It  is  not  the  purpose  to  go  minutely  into  the  principles  gov¬ 
erning  the  location  of  lines,  or  into  the  electrical  problems  in¬ 
volved,  except  as  they  bear  relation  to  the  structural  and  mechan¬ 
ical  features. 

One  of  the  great  problems  in  any  industrial  section  is  the 
generation  of  power  and  its  transmission  to  the  points  where  it 
will  be  converted  into  light,  heat,  or  mechanical  energy.  If  the 
power-station  is  operated  by  steam,  of  course  it  must  be  located 
where  fuel  and  water  are  easily  obtainable  in  sufficient  quantities 
and  with  as  much  assurance  as  possible  against  any  interruption 
in  the  supply;  or,  if  it  is  a  water-power  plant,  it  must  be  located 
where  a  sufficient  supply  of  water,  with  a  suitable  fall,  may  be  ob¬ 
tained.  These  conditions  do  not  necessarily  apply  in  the  selec¬ 
tion  of  a  site  for  a  factory  which  is  operated  bv  electric  power. 
Factory  sites  are  subject  to  so  many  other  conditions  that  a  site 
suitable  for  a  power-plant  may  be  utterly  unsuitable  for  a  factor v\ 

In  the  days  when  each  factory  either  produced  its  own  power 
or  was  operated  by  steam,  the  location  often  had  to  be  a  compro¬ 
mise,  with  the  result  that  neither  the  power  nor  the  factory  opera¬ 
tion  could  attain  its  highest  efficiency.  \\  it h  the  rise  of  the  big 
power-station,  where  economy  in  production  of  electric  energy 
alone  need  be  considered,  comes  the  problem  of  economic  and 

efficient  transmission  of  that  power  to  the  points  where  it  is  to  be 

used. 

Where  electricity  must  he  transmitted  for  long  distances,  it 
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is  generally  more  economical  to  transmit  it  at  a  high  voltage,  and 
transform  it  to  a  lower  voltage  near  where  it  is  to  be  used,  than 
to  try  to  transmit  it  at  a  low  voltage. 

In  transmitting  power  for  comparatively  short  distances, 
lower  voltages  may  be  used,  for  which  a  simple  pole  line  may  be 
sufficient.  This  type  of  construction,  while  it  should  receive  care¬ 
ful  attention — more,  in  fact,  than  is  usually  accorded  it — does  not 
require  the  great  amount  of  engineering  necessary  for  the  success¬ 
ful  construction  of  a  high-voltage  line.  As  the  voltage  of  the 
current  transmitted  is  increased,  new  and  varied  problems  arise, 
and  a  greater  amount  of  engineering  knowledge  and  skill  are  re¬ 
quired  >to  meet  the  conditions  arising  in  connection  with  the  proper 
designing  and  construction  of  a  transmission  line  which  will  be 
safe  and  efficient. 

The  preliminary  location  of  a  high-voltage  transmission  line 
is  regulated  by  the  location  of  the  central  power-station  and  the 
location  of  convenient  sub-stations  for  distributing  the  power  to 
the  customers.  It  is  not  our  purpose  to  discuss  the  problems  in¬ 
volved  in  this  part  of  the  work.  So  many  purely  business  consid¬ 
erations  enter  into  the  selection  of  terminal  points  of  a  transmis¬ 
sion  line,  that  the  subject  lies  outside  the  field  intended  to  be  cov¬ 
ered  by  this  paper. 

After  the  terminal  points  have  been  determined,  the  matter  of 
exact  location  of  the  line  becomes  a  problem  that  should  be  entirely 
under  the  control  of  engineers.  There  are  so  many  questions 
arising  during  the  whole  work,  from  the  preliminary  running  of 
the  line  until  the  current  is  turned  on,  the  solution  of  which  is  ab¬ 
solutely  unintelligible  to  one  not  trained  in  engineering  lines,  that 
any  attempt  to  handle  these  questions,  except  under  engineering 
control,  is  certain  to  result  in  trouble. 

The  proper  selection  of  a  route  for  a  high-tension  transmis¬ 
sion  line  is  a  matter  that  cannot  be  turned  over  to  anybody  and 
everybody.  Many  men  who  are  considered  good  men  in  survey¬ 
ing  for  pole  lines,  never  seem  to  be  able  to  learn  the  art  of  select¬ 
ing  a  line  suitable  for  economical  and  efficient  tower-line  con¬ 
struction.  In  faGt,  with  some  men,  it  seems  that  their  experience 
in  pole-line  surveying,  spoils  them  for  tower-line  location. 

Railroad  location  is  another  matter  that  is  altogether  different 
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from  the  problem  of  tower-line  location.  In  selecting  the  course 
of  a  railroad,  one  looks  for  a  line  as  nearly  level  as  possible, 
which  results  in  hugging  the  streams  or  valleys,  to  a  large  extent. 
In  tower-line  construction,  a  properly  selected  succession  of  hills 
and  valleys  is  a  big  advantage. 

In  locating  a  pole  line,  one  generally  follows  the  boundaries 
of  fields  as  much  as  possible,  the  difference  in  cost  of  setting  poles 
in  different  places  being  so  slight  that  the  difference  in  the  cost 
of  the  right  of  way  is  the  dominating  factor.  If  the  voltage  of 
the  current  carried  is  not  too  high,  the  pole  line  may  advantage¬ 
ously  follow  a  public  road. 

When  constructing  a  steel  tower  line,  the  ratio  between  con¬ 
struction  costs  and  right-of-way  cost  is  so  radically  different  from 
what  it  is  in  the  construction  of  a  pole  line,  that  in  most  cases  the 
cost  of  construction  should  receive  the  first  consideration.  Of 
course,  cases  arise  where  the  price  of  a  right  of  way  in  the  most 
advantageous  location  is  so  exhorbitant  that  the  greatest  economy 
lies  in  a  less  desirable  location  of  line,  as  considered  from  an 
engineering  standpoint ;  but  the  point  which  the  writer  desires  to 
emphasize  in  this  connection,  is  that  since  the  engineering  and 
construction  costs  are  the  dominating  factors  in  the  economy  of 
tower-line  construction,  it  is  necessary  that  the  engineering  force 
be  in  complete  charge  of  the  location  of  the  line  if  the  best  results 
obtainable  are  sought. 

Besides  the  ability  to  choose  the  proper  location  of  a  line, 
there  is  another  trait  which  is  absolutely  necessary  in  a  man  who 
would  be  a  success  in  the  work  of  making  surveys  for  tower  lines. 
This  is  tact,  more  tact,  and  then  some  more  tact.  He  must  be  a 
diplomat  of  the  first  order.  In  fact,  he  must  be  “wise  as  a  serpent 
and  harmless  as  a  dove.”  A  few  impatient  or  indiscreet  words, 
a  little  carelessness  in  tramping  through  fields,  or  picking  a  few 
apples  or  peaches  without  permission,  may  cost  a  lot  of  money  in 
the  construction  of  the  line.  He  must  also  be  a  diplomat  of  a 
positive  type  as  well  as  negative,  to  get  the  best  results ;  that  is, 
he  must  not  only  avoid  giving  offense,  but  he  should  be  able  to 
get  the  positive  good-will  of  the  property  owners  and  their  neigh¬ 
bors.  This  good-will  is  worth  dollars  and  cents  to  the  electric 
company. 
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Diverging  for  a  few  moments  from  the  general  trend  of  our 
thought,  we  wish  it  were  possible  to  impress  upon  the  property 
owners  the  utter  folly  of  employing  an  attorney  to  look  after 
their  interests  in  specifying  safety  requirements  to  be  incorporated 
in  the  right-of-way  agreements.  What  does  a  man,  who  has  had 
no  practical  engineering  experience  in  dealing  with  mechanical  and 
physical  laws,  know  about  conditions  of  safety  which  men  with 
minds  trained  along  this  very  line  have  taken  years  to  learn?  The 
laws  of  physics,  mechanics  and  electricity  are  not  subject  to  habeas 
corpus,  mandamus,  or  injunction  proceedings,  as  some  of  these 
attorneys  seem  to  think,  judging  by  requirements  which  they  fre¬ 
quently  write  into  agreements.  One  case  comes  to  the  writer’s 
mind  where,  had  the  attorney’s  ideas  been  carried  out,  the  prop¬ 
erty  owner  would  have  had  fireworks  all  over  his  place  as  soon 
as  the  current  was  turned  on.  If  the  property  owner  thinks  he 
needs  a  representative  to  look  after  his  interests,  he  should  hire 
an  engineer.  People  generally  would  be  better  off  if  they  spent 
more  money  on  engineers  and  less  on  attorneys. 

To  return  to  our  subject,  it  is  impossible  within  the  limits  of 
this  paper  to  give  a  complete  description  of  all. the  points  involved 
in  selecting  a  good  line,  from  an  engineering  standpoint.  Many 
points  are  felt,  rather  than  calculated ;  that  is,  one  gets  accustomed 
to  the  appearance  of  a  good  profile  for  tower-line  construction,  so 
that  he  will  instinctively  choose  the  better  of  two  lines,  without 
having  to  study  out  all  the  details  involved. 

It  goes  without  saying  that,  other  things  being  equal,  the 
straighter  of  two  lines  is  the  better.  Every  turn  is  a  point  of 
hazard.  For  that  matter,  every  tower  is  a  point  of  hazard  but  this 
hazard  is  greater  at  the  turns.  Besides  this,  every  turn  is  an  addi¬ 
tional  expense.  A  man  engaged  in  securing  a  right  of  way 
naturally  wishes  to  turn  aside  when  a  property  owner  seems  un¬ 
reasonable  in  his  demands.  Sometimes  this  is  necessary,  but 
very  often  the  demands  can  be  met  at  less  expense  than  the 
extra  cost  of  making  a  turn.  For  rough  calculations,  when  esti¬ 
mating  the  extra  cost  of  a  turn  in  the  construction  of  a  tower 
line  for  66,000-volt  transmission,  using  0000  stranded  hard-drawn, 
copper-wire  conductors,  the  writer  uses  $500  under  average  con¬ 
ditions. 
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When  it  becomes  necessary  to  make  a  turn,  care  should  be 
taken  that  the  turning  point  is  not  located  down  in  a  valley. 
There  are  two  reasons  for  this.  I  he  first  is,  that  a  valley  is  a 

^ *•! T mOO  Of  UAKIM  TuAk  lH  tqvsCR 

•TtAiN  TOWH 


Fig.  1.  Ordinary  Method  of  Making  Turn  in  Pole  Line. 


very  poor  location  for  a  tower,  because  it  makes  it  necessary  to 
make  the  adjacent  spans  too  short  for  good  tower-line  construc¬ 
tion.  The  second  is,  that  it  produces  an  uplift  on  the  arms  of 
the  tower.  Most  tower  arms  are  designed  with  a  view  to  sus- 
taining  weights  downward,  but  with  very  little  resistance  to  up¬ 
lifting  forces;  and  besides,  in  rainy  weather,  insulators  turned  up 
tend  to  catch  and  hold  water,  which  is  a  detriment  to  their  insulat¬ 
ing  qualities. 

The  tendency  of  surveyors  trained  in  pole-line  construction, 
is  to  ease  off  the  turns,  in  a  tower-line  survey,  as  they  would  in 


Fig.  2.  Arrangement  of  Strain  Insulators  on  Tower  to  Reduce 

Sharpness  of  Turn. 
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a  pole-line  survey ;  that  is,  they  will  make  two  or  more  turns  a 
short  distance  apart,  as  shown  in  Fig.  1,  instead  of  making  the 
whole  change  of  line  in  one  turn.  The  towers  are  designed  to 
take  the  full  stress  of  the  turn  where  they  are  used,  and  so  there 
is  no  necessity  for  putting  two  towers  in,  for  the  purpose  of  gain¬ 
ing  strength,  while  the  arrangement  of  insulators  in  itself  tends 
to  ease  off  the  curve,  as  shown  in  Fig.  2 ;  and,  besides  this,  the  put¬ 
ting  in  of  two  towers  generally  results  in  having  to  use  one  or 
two  more  line  towers  than  necessary,  thus  resulting  in  considerable 
extra  expense. 

Turns  are  seldom  most  advantageously  placed  when  located 
on  the  exact  top  of  the  hill ;  at  least,  that  is  the  case  with  the  type 
of  topography  that  we  have  in  this  part  of  the  country.  Fig.  3 


illustrates  a  good  location  for  a  turning  point.  You  will  notice 
that  the  turning  point  stands  in  a  position  that  enables  the  tower 
ro  take  the  span  from  an  adjacent  valley,  and  to  let  the  hilltop 
span  pass  over  far  enough  to  let  the  next  tower  take  the  next 
valley  span.  It  should  be  understood  that  this  represents  an  ideal 
condition  which  is  not  always  possible  of  complete  attainment,  yet 
a  skilled  tower-line  surveyor  can  accomplish  this  or  a  similar  re¬ 
sult  in  a  large  percentage  of  cases.  In  distinction  from  the  rail¬ 
road  surveyor,  the  tower-line  surveyor  will  hunt  the  hills  and 
valleys,  instead  of  a  level  stretch  of  ground.  The  valleys  that 
are  broad  and  deep  with  the  sides  not  too  abrupt  but  breaking 
away  with  a  gently  rounded  shoulder  to  a  comparatively  level 
table  land,  before  the  next  valley,  are  best  suited  for  economic 
tower-line  construction,  the  table  land  giving  better  advantages 
for  hauling,  erection,  and  wire  stringing  than  abrupt  hills  and 
valleys.  Fig.  3  shows  a  good  profile  for  tower-line  construction, 
while  Fig.  4  shows  one  that  is  not  so  good. 
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Fig.  4.  Unsatisfactory  Profile  for  Tower  Line. 


It  must  be  remembered  that  there  are  other  conditions,  such 
as  accessibility,  character  of  ground,  etc.,  that  must  also  be  con¬ 
sidered  in  this  connection.  The  balancing  of  all  these  considera¬ 
tions,  including  the  cost  of  right  of  way,  will  generally  result  in 
a  sort  of  compromise  location. 

After  the  route  has  been  selected,  the  definite  surveys  must 
be  made.  Plans  of  the  line  should  be  drawn,  showing  all  property 
lines,  fences,  buildings  within  150  to  200  feet  of  the  line,  roads, 
telegraph  and  telephone  lines,  and  any  other  features,  which  may 
afifect  the  construction  of  the  line. 

Notwithstanding  all  that  may  be  said  against  “plane-table 
surveying”  for  this  kind  of  work,  the  writer  believes  that,  if  tried, 
it  would  prove  about  the  most  satisfactory  for  this  part  of  the 
work.  It  is  almost  impossible  for  any  one  to  get  all  details  exactly 
correct,  when  making  notes  in  the  book,  lining  up  fences,  etc., 
by  sight,  and  then  doing  transcribing  to  plans  in  the  office,  where 
any  items  not  definitely  recorded  must  be  supplied  from  memory. 

In  locating  telephone  or  telegraph  lines,  the  exact  position 
of  the  nearest  poles  must  be  noted,  and  the  name  of  the  company 
operating  the  line — also  the  numbers  (if  there  are  any)  on  the 
nearest  poles.  In  locating  railway  tracks  crossed,  the  exact  loca¬ 
tion  'of  the  crossing  point  with  reference  to  the  nearest  milepost, 
or  other  permanent  reference  point  must  be  noted  and  shown  on 
the  plans  as  drawn  up. 

After  the  plan  is  drawn  up,  a  profile  must  be  run  over  the 
line.  While  it  is  possible  to  run  the  profile  at  the  same  time  that 
the  plan  survey  is  being  made,  it  is  usually  better  to  have  a  sep¬ 
arate  corps  run  the  profile,  or  else  have  the  same  corps  go  over 
the  line  for  profile,  after  completing  the  plan  survey.  In  running 
the  profile,  elevations  should  be  taken  at  least  every  100  feet,  and 
oftener  wherever  the  profile  is  not  regular.  In  fact,  an  elevation 
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should  be  taken  at  every  point  where  there  is  any  break  in  the 
surface  of  the  ground.  Whenever  the  ground  is  sloping  across 
the  line,  at  a  rate  of  more  than  one  foot  in  20,  elevations  should 
he  taken  on  a  line  parallel  to  the  running  line,  about  ten  feet  from 
it  on  the  higher  side,  in  addition  to  the  elevations  on  the  running 
line.  This  is  to  make  sure  that  proper  clearances  are  provided  for, 
under  the  wires  on  the  higher  side  of  the  line.  In  taking  the 
profile,  the  height  of  wires  of  all  telephone,  telegraph,  or  electric 
lines  must  be  carefully  measured.  If  in  the  line  crossed,  the  wires 
are  on  a  slope,  their  elevation  at  a  point  about  ten  feet  to  the 
upper  side  of  the  line  must  be  taken.  The  elevations  of  rails  of 
all  railroads  and  electric  lines,  must  also  be  taken.  This  is  very 
important,  as  rules  for  clearance  over  railway  and  trolley  lines 
are  very  strict. 

Notes  should  be  very  clear,  and  plainly  written.  Questions 
frequently  come  up,  five  years  or  more  after  the  line  has  been 
built,  and  often  the  party  who  made  the  survey  is  no  longer  in 
the  employ  of  the  company,  and  it  is  next  to  impossible  for  another 
to  decipher  the  “hen  tracks,"  which  some  surveyors  leave  in  the 
note-books. 

The  writer  is  indebted  to  Mr.  William  F.  Miller  for  the  fol¬ 
lowing  item :  The  man  in  charge  of  the  survey  should  keep 
careful  notes  of  all  damage  done  to  crops  or  trees,  during  the 
work.  All  the  men  should  be  instructed  to  keep  within  as  narrow 
limits  as  possible,  while  going  through  any  cultivated  ground,  and 
the  space  tramped  over  should  be  carefully  noted.  The  size  of 
all  trees  cut  down  should  be  noted,  the  kind  of  tree  and  whether 
the  tree  was  worth  anything  for  lumber.  Any  damage  to  prop¬ 
erty  should  be  carefully  noted. 

The  reason  for  this  is  that  the  value  of  crops  or  trees  takes 
a  sudden  rise,  when  they  are  destroyed  by  any  agents  of  a  cor¬ 
poration.  Many  farmers,  who  are  otherwise  considered  honest, 
have  no  scruples  against  asking  fifty  to  five  hundred  dollars  for 
destruction  of  crops,  the  value  of  which  by  actual  calculation 
does  not  exceed  three  or  four  dollars.  A  case  occurred  near 
Pittsburgh,  where  a  man  asked  $500  and  threatened  to  sue  for  it, 
where  a  very  liberal  calculation  could  not  make  the  actual  dam¬ 
age  amount  to  more  than  50  cents. 
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After  the  line  and  profile  have  been  run,  they  should  be 
carefully  drawn  to  scale.  The  writer  has  found  in  his  experience, 
that  a  profile  drawn  to  a  natural  scale  gives  better  satisfaction,  in 
general,  than  one  drawn  to  one  scale  for  horizontal  and  another 
for  vertical  measurements.  While  this  is  contrary  to  the  general 
practice,  and  the  statement  will  probably  be  questioned  by  many, 
yet,  when  we  come  to  discuss  the  question  of  methods  of  spotting 
towers,  we  believe  that  we  will  be  able  to  give  good  and  sufficient 
reasons  for  this  opinion. 

The  question  will  naturally  come  up  as  to  the  scale  to  use, 
in  making  the  plans  and  profiles.  The  writer  has  generally  used 
100  feet  to  the  inch,  and  has  found  this  very  satisfactorv.  A 
smaller  scale  would  be  too  hard  on  the  eyes,  and  the  possibility 
of  errors  would  be  too  great;  while  a  much  larger  scale  would 
require  too  many  breaks  in  the  plan,  in  order  to  keep  it  on  the 
tracing  cloth,  and  would  not  allow  the  eye  to  grasp  enough  of  the 
line  at  one  time  to  get  the  best  results  in  spotting  towers.  The  man 
who  is  entrusted  with  the  plotting  of  the  surveys  must  be  abso¬ 
lutely  reliable,  and  must  have  an  accurate  eve,  or  serious  errors 

mav  result. 

* 

After  the  plans  and  profiles  are  plotted,  the  towers  must  be 
located.  \\  hile  this  subject  might  logically  be  considered  the 
proper  one  to  take  up  at  this  time,  yet  it  is  dependent  also  on  the 
type  of  tower  used,  so  we  will  turn  aside  for  a  while  to  take  up 
the  question  of  tower  design. 

Construction  of  towers  in  large  quantities,  for  carrying  trans¬ 
mission  lines,  is  a  rather  recent  development  in  engineering  work. 
It  is  not  more  than  If)  years  since  the  beginning  of  quantity  pro¬ 
duction  of  towers  for  transmission-line  work.  Amonsr  the  first 

o 

companies  to  use  towers,  were  the  Mexican  Light  and  Power 
Company,  and  the  Toronto  and  Niagara  Falls  Power  Company. 
Other  companies  may  have  preceded  these  in  the  development  of 
this  method  of  power-line  construction  but,  if  so,  the  writer  does 
not  know  of  them. 

At  first,  towers  were  designed  by  test,  which  method  is  still 
sometimes  used.  Modern  methods  of  testing  are  a  vast  improve¬ 
ment  over  the  first  methods.  At  that  time,  the  towers  were 
erected  in  a  .horizontal  position,  against  the  side  of  a  building, 
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and  test  weights  were  hung  on  them  until  they  broke.  If  the 
tower  stood  up  under  a  much  heavier  load  than  the  load  assumed 
in  practice,  a  lighter  tower  was  built  and  tested.  This  went  on 
until  a  tower  was  produced,  which  would  hold  just  a  little  more 
than  the  assumed  maximum  load  it  would  get  in  practice.  This 
method  of  erection,  however,  produced  stresses  which  were  en¬ 
tirely  different  from  those  which  would  occur  if  the  tower  were 
standing  in  its  natural  position.  Consequently,  this  method  was 
abandoned  and  frames  were  built,  or  other  methods  provided, 
whereby  the  towers  could  be  tested  while  standing  in  a  position 
as  nearly  as  possible  like  that  in  actual  practice,  and  the  loads 
could  be  applied  in  directions  approximating  those  which  would 
occur  when  the  tower  was  erected  on  the  line  and  had  the  wires 

t 

strung.  The  test  method  of  designing  towers,  however,  is  being 
used  less  now  than  formerly.  In  modern  practice,  the  stresses 
are  generally  determined  by  calculation  or  analysis  in  the  same 
manner  as  for  a  bridge  or  other  structure.  This  is  a  more  satis¬ 
factory  method,  as  towers  which  stand  a  test,  carefully  applied, 
often  fail  when  placed  in  service  under  actual  conditions.  The 
rough  and  ready  manner  in  which  they  are  erected  and  the  wires 
strung  in  the  field  will  often  cause  tower  members  to  give  way, 
although  they  have  stood  up  under  a  greater  stress  carefully  and 
slowly  applied. 

The  methods  of  calculating  the  stresses  in  towers  are  not 
radically  different  from  those  used  in  the  calculation  of  stresses  in 
any  other  kind  of  structure.  Higher  unit  stresses  are  generally 
allowed  than  are  used  in  bridge  or  building  work.  Even  with 
this  concession,  the  method  of  designing  towers  from  calculated 
stresses  will  result  in  a  design  of  tower  heavier  than  when  the 
tower  is  designed  to  stand  a  certain  test,  providing  that  the  loads 
assumed  in  each  case  are  the  same.  There  is  not  as  much  loss 
from  this  extra  weight  as  would  appear  at  first  thought.  It  adds 
to  the  initial  cost  of  the  line  and  in  some  ways  makes  erection 
more  difficult;  but,  after  the  towers  are  once  up,  the  freedom 
from  trouble  while  stringing  the  wires,  the  added  safety  of  the 
line  during  storms,  and,  especially,  the  added  length  of  the  life 
of  the  line,  make  the  added  initial  expense  seem  a  small  matter. 

The  assumed  loads,  used  in  designing  towers,  have  been 
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based  upon  a  great  many  different  theories.  The  first  that  occurs 
to  a  structural  engineer,  who  is  accustomed  to  consider  the  safety 
of  structures  which  he  is  called  upon  to  design,  is  the  dead-end 
tower  construction.  This  method  of  design  is  based  on  the  as¬ 
sumption  that  the  tower  should  he  able  to  withstand  the  maximum 
pull  which  would  occur  if  all  the  wires  on  one  side  of  the  tower 
were  broken,  leaving  the  wires  on  the  other  side  unbalanced;  and 
to  take  the  maximum  twist  produced  if  all  wires  ended  at  the 
cross-arm  and  extended  in  opposite  directions  from  opposite 
ends  of  the  arm.  This  method,  while  it  is  safe,  is  so  much  more 
severe  in  its  assumptions  than  any  actual  conditions  which 
have  any  chance  of  occurring  on  a  correctly  constructed  line,  that 
the  additional  cost  of  building  a  line  with  towers  such  as  these 
would  not  be  justified  by  results.  One  such  tower  should  be 
located  every  mile,  to  act  as  an  anchor  in  case  of  accident  to  the 
line. 

The  next  theory  is,  that  a  tower  on  the  line  should  be  built 
so  as  to  be  flexible.  The  idea  in  this  method  of  design  is  that, 
as  the  tower  yields  to  the  pull  of  the  wires,  the  sag  of  these  wires 
is  increased  and  the  stress  diminished  to  a  point  where  the  tower 
will  resist  it.  This  method  of  design  results  in  a  very  light  tower. 
If  anchorage  towers  are  used  at  frequent  intervals  and  if  the 
spans  are  short  enough  and  of  uniform  length,  the  method  will 
give  fairly  good  service.  This  type  finds  its  field  of  service  in 
lines  where  latticed  steel  poles  or  very  light  steel  towers  are  used 
to  take  the  place  of  wood  poles.  As  previously  stated,  where  spans 
are  small  and  uniform,  this  theory  will  work  out,  since  a  very 
slight  variation  in  the  length  of  the  span,  the  length  of  wire  re¬ 
maining  the  same,  will  produce  a  very  decided  change  in  the  sag. 
Where  a  real  high-tension  line  is  to  be  installed,  and  spans  of 
good  length  are  put  in,  this  theory  will  not  work  out  satisfactorily. 
As  the  length  of  span  is  increased,  the  sag  must  increase  a 
little  faster  than  the  square  of  the  span.  It  is  obvious,  then,  that 
the  ratio  of  sag  to  span  is  increasing.  The  percentage  of  excess  in 
length  of  wire  over  the  length  of  span  is  also  increasing.  The 
deflection  of  the  tower  is  not  producing  the  same  effect  in  either 
quantity  or  percentage  of  stress  in  the  wire  and,  long  before  the 
tower  has  deflected  enough  to  make  any  material  reduction  in 
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the  stress,  it  will  collapse. 

There  is  an  economic  mean  between  these  two  theories.  The 
practice  of  the  company  with  which  the  writer  is  connected,  is  to 
have  three  types  of  tower  for  regular  line  work.  Besides  these 
types,  other  types  are  used  for  river  crossings  or  other  special 
conditions. 

The  first  of  the  three  types  is  a  suspension  type,  for  straight 
line  work.  The  type  of  insulators  used  on  these  towers  is  the 
suspension  type,  made  up  of  five  disks  for  66,000  volts,  and  two 
disks  for  22,000  volts  or  less.  The  swing  of  these  insulators, 
when  the  wire  breaks,  is  enough  to  make  a  very  material  difference 
in  the  stress  in  spans  of  fairly  good  length.  The  basis  on  which 
these  towers  are  designed  is  that  they  are  made  strong  enough 
to  take  any  combination  of  broken  wires,  which  would  be  at  all 
likely  to  occur  in  a  line  properly  designed  and  constructed. 
These  towers  are  also  expected  to  take  a  turn  in  the  line  of  not 
more  than  five  degrees. 

The  second  type  of  tower  is  a  strain  tower,  intended  to  take  a 
turn  in  the  line  of  from  5  to  45  degrees,  or  to  act  as  a  dead-end- 
tower.  Where  the  line  runs  for  more  than  a  mile  without  a  turn, 
one  of  these  towers  is  placed  approximately  every  mile.  This  type 
is  also  used  to  support  spans  crossing  railways. 

The  third  type  is  the  90-degree  type,  which  is  used  at  turns 
of  from  45  to  90  degrees.  This  type  is  also  used  on  river  cross¬ 
ings,  where  the  height  of  tower  required  is  within  the  limits  of 
construction  of  this  tower. 

The  loading  for  any  type  of  tower  depends  on  the  type  and 
size  of  wire  used.  The  wire  used  in  most  of  the  work,  with 
which  the  writer  has  been  connected  for  the  past  few  years,  has 
been  0000  stranded,  hard-drawn  copper  for  general  line  work; 
and  0000  stranded,  copper-clad  steel  for  river  crossings,  and  for 
spans  where  it  becomes  necessary  to  pull  the  wire  up  to  a  smaller 
sag  than  that  required  for  the  wire  first  mentioned.  The  hard- 
drawn  copper  which  he  has  been  using  is  slightly  softer  than  the 
wire  commonly  known  as  hard  drawn.  Besides  these,  use  has 
been  made  of  some  0  stranded  wire  of  both  the  hard-drawn  copper 
and  the  copper-clad  steel.  This  information  is  given  to  explain 
why  examples  given  to  illustrate  points  brought  up  in  the  course 
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of  this  paper,  are  generally  based  on  one  of  these  types  of  wire. 

Coming  down  to  practical  application  of  methods  of  design, 
it  is  necessary  to  know  the  requirements  which  must  be  met.  In 
referring  to  specifications,  the  following  symbols  will  he  used : 

A,  to  refer  to  specifications  of  the  National  Electric  Light 
Association. 

B,  to  refer  to  General  Order  13  of  the  Public  Service  Com¬ 
mission  of  Pennsylvania. 

C,  to  refer  to  the  National  Electric  Code. 

B  refers  entirely  to  rules  governing  construction  when  a 
transmission  line  is  crossing  a  railway,  telephone  line,  telegraph 
line  or  other  public  utility ;  it  is  silent  as  to  points  involved  in 
other  parts  of  the  line. 

The  first  point  is  the  determination  of  the  maximum  tension 
in  the  wires.  A  and  B  both  specify,  for  conditions  producing 
maximum  tension,  that  the  wire  shall  be  considered  as  covered 
with  ice,  one-half  inch  thick,  radially  measured,  and  receiving  a 
transverse  wind  pressure  of  eight  pounds  per  square  foot  of  pro¬ 
jected  area,  the  temperature  being  assumed  as  0  F.  C  gives  the 
same  specifications  for  what  is  called  “heavy  loading,”  and  also 
includes  a  medium  equal  to  two-thirds  the  heavy  loading,  and  a 
light  loading  equal  to  two-thirds  the  medium ;  but  in  no  case  shall 
medium  or  light  be  less  than  125  per  cent,  of  the  weight  of  the 
bare  wire.  This  part  of  the  country  being  in  what  C  specifies  as 
the  heavy-loading  district,  the  medium  and  light  loadings  will  not 
be  considered. 

The  maximum  permissible  tension  in  the  wire  is  one-half  of 
the  ultimate  strength,  according  to  A.  The  permissible  stresses 
given  by  B  are  based  on  the  same  rule.  The  writer  has  not  been 
able  to  find  any  rule  on  this  subject  in  C. 

In  considering  the  requirements  as  to  assumed  conditions, 
supposed  to  represent  the  maximum  conditions  of  stress  liable  to 
occur  in  practice,  A  requires  that  two  wires  be  considered  as 
broken  where  towers  carry  five  wires  or  less;  three  wires  broken, 
where  6  to  10  wires  are  carried;  and  four  wires  broken,  where  11 
or  more  wires  are  carried. 

The  line  towers,  which  have  been  used  for  the  past  two  or 
three  years  by  the  company  with  which  the  writer  has  been 
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working,  are  designed  to  resist  the  following  assumed  loads: 

First,  the  line  or  suspension  towers.  These  carry  two  three- 
wire  circuits,  and  three  ground  wires.  So  far,  in  actual  practice, 
only  two  ground  wires  have  been  strung. 

1.  A  horizontal  load  of  1375  pounds  at  each  of  the 
nine  wire  supports — loads  acting  at  right  angles  to 
the  direction  of  the  transmission  line.  Total  load 
12,375  pounds.  This  covers  wind  on  the  tower  plus 
wind  on  the  wires. 

2.  A  horizontal  load  of  4000  pounds,  in  the  direction  of 
the  line,  at  each  end  of  any  two  cross-arms,  or  at 
one  end  of  any  four  cross-arms.  Total  16,000 
pounds.  This  represents  the  stress  due  to  four 
broken  wires,  the  tension  being  reduced  from  the 
maximum  pull  on  the  wires  on  account  of  the  swing 
of  the  suspension  insulators. 

3.  A  vertical  load  of  1500  pounds  applied  at  each  of 
nine  wire  supports.  Total  13,500  pounds.  This  rep¬ 
resents  the  weight  of  the  wires. 

4.  The  dead  weight  of  the  tower. 

Second,  the  strain  towers  for  turns  in  the  line  of  from  5  to 
45  degrees,  or  for  dead  ending  the  line. 

1.  A  horizontal  pull,  in  the  direction  of  the  line,  of 
4500  pounds  at  each  of  nine  wire  supports.  Total 
40,500  pounds.  This  represents  the  pull  due  to 
dead  ending  the  wires. 

2.  A  horizontal  pull,  in  the  direction  of  the  line,  of 
4500  pounds  at  each  of  three  conductor  supports, 
at  the  end  of  the  arms  on  the  same  side  of  the  tower 
— loads  acting  in  the  same  direction.  Total  13,500 
pounds.  This  represents  the  stress  due  to  three 
broken  wires. 

3.  A  horizontal  pull,  transverse  to  the  line,  of  3450 
pounds  at  each  of  nine  wire  supports.  Total  31,050 
pounds.  This  represents  stress  due  to  a  45-degree 
turn  in  the  line. 

4.  A  vertical  load  of  1500  pounds  at  each  of  nine  wire 
supports.  Total  13,500  pounds.  This  represents  the 
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weight  of  the  wires. 

5.  A  horizontal  load,  transverse  to  the  line,  of  400 
pounds  at  each  of  nine  wire  supports.  Total  3000 
pounds.  This  represents  wind  on  the  wires  of  the 
dead-end  span. 

6.  Wind  on  tower,  at  40  pounds  per  lineal  foot  of 
tower. 

7.  The  dead  weight  of  the  tower. 

Combinations  of  the  above  loading  are  taken  as  follows:  1,  4,  5, 
6,  and  7  ;  2,  4,  5,  0,  and  7  ;  or  3,  4,  5,  6,  and  7. 

Third,  strain  towers  to  take  turns  of  from  45  to  90  degrees. 

1.  A  horizontal  pull,  transverse  to  the  line,  of  6750 
pounds  at  each  of  nine  wire  supports.  Total  60,750 
pounds.  Stress  due  to  a  90-degree  turn  in  the  line. 

2.  A  horizontal  pull,  in  the  direction  of  the  line,  of  4500 
pounds  at  the  end  of  any  cross-arm.  This  represents 
the  dead  ending  of  any  wire. 

3.  A  horizontal  pull  of  4500  pounds  in  the  direction  of 
the  line,  hut  in  opposite  directions,  at  each  end  of 
any  cross-arm.  Stress  due  to  broken  wires  in  ad¬ 
jacent  spans. 

4.  A  vertical  load  of  1500  pounds  at  each  of  nine  wire 
supports.  Total  13,500  pounds.  Weight  of  wires. 

5.  A  horizontal  load  of  1500  pounds  at  the  top  of  the 
tower,  in  any  direction.  Wind  on  the  tower. 

6.  The  dead  weight  of  the  tower. 

Combinations  of  the  above  loading  are  taken  as  follows:  1,  4,  5, 
and  6. 

In  figuring  stresses  for  river-crossing  towers,  or  other  heavy 
service  towers,  heavier  loads  are  used.  The  above  loading  is  based 
on  the  use  of  stranded,  hard-drawn,  copper  wire,  size  0000,  hav¬ 
ing  an  ultimate  strength  of  9190  pounds,  while  on  river  crossings, 
it  has  been  the  writer’s  custom  to  use  0000  stranded,  copper-clad, 
steel  wire  having  an  ultimate  strength  of  11,960  pounds,  in  which 
case  use  is  made  of  a  safety  factor  of  2.5,  which  gives  a  working 
stress  of  4800  pounds.  The  ultimate  strength  of  0000  stranded, 
copper-clad  steel  now  produced  is  14,300  pounds,  which  with  a 
factor  of  2.5  would  give  5720  pounds  as  the  working  load.  In 
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figuring  a  river-crossing  tower,  it  is  the  writer’s  practice  to  con¬ 
sider  the  tower  as  dead  ending  all  the  wires  on  it,  taking  wind 
loads  on  the  wires  and  on  the  tower,  and  resisting  a  twist  due  to 
all  the  wires  in  one  span  being  broken  on  one  side,  and  all  the 
wires  in  the  adjoining  span  being  broken  on  the  other  side. 

As  to  unit  stresses  allowed  in  steel,  we  quote  from  the  speci¬ 
fications  previously  noted.  A  allows  18,000  pounds  per  square 

L 

inch  in  tension  ;  14,000  pounds  in  shear;  and  18,000  pounds — 60 — 

R 

L 

for  compression,  with  a  limit  to  the  —  of  180  for  main  members, 

R 

and  220  for  secondary  members.  It  allows  10,000  pounds  per 
square  inch  for  shear ;  20,000  pounds  for  bearing  or  bending,  on 
rivets;  8500  pounds  for  shear;  and  17,000  pounds  for  bear¬ 
ing  and  bending  on  bolts.  These  requirements  are  not  followed  in 
ordinary  line  construction.  B  allows  24,000  pounds  in  tension, 

L 

18,700  pounds  in  shear,  and  24,000 — 60 —  for  compression,  with 

R 

L 

limits  of  180  and  200  for  —  in  main  and  secondary  members.  For 

R 

rivets,  bolts,  and  pins,  12,000  pounds  shear,  24,000  pounds 
bearing,  and  18,000  pounds  bending  are  allowed.  C  allows  27,000 

L 

pounds  per  square  inch  for  tension,  27,000  pounds — 90 —  for  com- 

R 

pression,  and  for  bolts,  rivets,  and  pins,  24,000  pounds  shear, 
48,000  pounds  bearing,  and  36,000  pounds  bending. 

In  practice,  the  writer  uses  the  values  given  by  A 
for  all  river  and  special  towers,  except  that  he  uses 
12,000  pounds  for  bolts  and  rivets,  and  24,000  pounds 
for  shear  and  bearing.  For  the  line  or  suspension  towers 
used  by  the  company  with  which  the  writer  is  employed,  the  fol¬ 
lowing  unit  stresses  are  used  :  tension  27,000  pounds  per  square 

L 

inch  on  net  section;  compression,  27,000  pounds — 100 — ;  shear  on 

R 


1922] 


MARTIN — TRANSMISSION  LINE  CONSTRUCTION 


325 


bolts  20,000  pounds ;  and  bearing  on  bolts  40,000  pounds  per 
square  inch.  For  strain  or  angle  towers,  the  following  unit 
stresses  are  used :  tension,  25,000  pounds  per  square  inch  on  net 

L 

section;  compression,  25,000  pounds — 05 — ;  and  on  bolts,  shear 

R 

1(>,?00  pounds;  and  bearing,  33,400  pounds  per  square  inch. 

Mr.  J.  B.  Leeper  of  the  American  Bridge  Company  has 
worked  out  the  formula  for  compression  members,  based  on  one- 
half  the  yield  point  as  determined  by  test,  as  follows:  20,000 

L  L 

pounds — 85 — for  lengths  up  to  150  R ,  and  15,500  pounds — 55 — 

R  ^  R 

for  lengths  over  150  R. 

As  to  selection  of  sections,  single  angles  should  be  used  as 
much  as  possible.  In  regular  line  work,  all  or  nearly  all  members 
can  be  economically  made  of  single  angles.  On  heavy  duty 
towers,  such  as  river-crossing  towers  or  tall  towers,  sometimes  it 
is  necessary  to  resort  to  double-angle  sections  or  other  forms  of 

built-up  sections.  For  heavy  post  sections,  the  writer  has  found 
that  a  T-section  composed  of  two  angles  and  a  plate  gives  about 

as  good  results  in  tbe  long  run  as  any  other  section.  While  other 
sections  may  appear  better,  theoretically,  yet  the  elimination  of 
gusset  plates  and  other  fittings,  made  possible  by  this  section,  more 
than  makes  up  for  the  theoretical  deficiencies,  as  to  the  economy 
of  material  in  its  main  section.  Above  all  things,  avoid  the  use 
of  lacing  bars.  After  much  study,  the  writer  has  come  to  the 
conclusion,  that,  except  in  a  few  special  cases,  the  best  place  for 
lacing  bars  is  the  junk  heap.  In  the  first  place,  the  lacing  bars  do 
not  furnish  effective  material ;  that  is,  they  are  not  counted  on  as 
furnishing  additional  section  to  the  column,  their  service  merely 

L 

being  to  spread  the  section  out  so  as  to  reduce  tbe  — .  The  writer 

R 

has  found,  that  in  a  very  large  percentage  of  cases,  the  material 
wasted  in  lacing  bars,  could  be  put  into  effective  section,  and  tbe 
I  ■  L 

strength  of  the  column  increased,  in  spite  of  the  increase  in  the  — . 

R 
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For  general  practice,  the  H-sections  are  very  efficient  substitutes 
for  the  latticed  columns,  it  being  generally  possible  to  secure  the 
same  strength  with  less  metal.  In  the  second  place,  lacing  bars 
take  up  more  time  and  trouble  in  the  shop  than  they  are  worth. 
In  the  third  place,  lacing  bars  are  the  greatest  rust  gatherers  ever 
invented. 

For  these  reasons,  the  writer  has  abandoned  the  use  of  lacing 
bars  in  any  construction  except  the  under  sides  of  the  top  chords 
of  bridges,  and  a  few  other  places  where  their  use  can  hardly  be 
avoided.  Of  course,  there  are  conditions  arising  in  the  design  of 
very  heavy  bridgework  where  laced  sections  are  necessary,  but 
in  those  cases  the  bars  are  stiff  members  and  bear  more  resem¬ 
blance  to  web  members  in  a  truss  than  to  the  common  lacing  bar. 

The  anchorage  of  transmission  towers  may  be  in  earth  or  in 
concrete.  The  writer’s  practice  is  to  use  earth  anchorage  for  line 
towers  and  concrete  for  strain  or  angle  towers.  We  recognize 
the  fact  that  many  companies  have  adopted  the  earth  anchorage 
for  angle  towers  on  turns  of  less  than  45  degrees,  and  some  com¬ 
panies  have  adopted  it  for  all  towers ;  yet,  after  careful  calcula¬ 
tions  based  on  actual  results  in  the  field,  in  setting  earth  and  con¬ 
crete  anchorages  and  conceding  every  claim  to  the  advocates  of 
earth  anchorages  for  towers  of  this  sort,  the  writer  finds  that  the 
concrete  has  such  a  wide  margin  in  its  favor,  that  he  still  believes 
in  the  concrete  foundation  for  angle  towers  at  turns  of  more 
than  five  degrees. 

We  will  admit  that  an  individual  tower,  selected  for  the  pur¬ 
pose,  may  show  an  advantage  for  the  earth  anchorage ;  yet,  in  con¬ 
structing  a  line,  one  is  not  dealing  with  individually  selected 
towers  but  with  the  whole  run  of  towers,  good,  bad,  and  in-be¬ 
tween.  In  fact,  in  the  making  of  these  estimates,  the  writer  in¬ 
cluded  one  tower  that  had  been  set  incorrectly,  and  the  concrete 
had  to  be  broken  and  reset.  This,  of  course,  makes  the  case  less 
favorable  to  the  concrete ;  but,  in  estimating  the  cost  of  a  line, 
accidents  must  be  considered  and  the  bitter  taken  with  the  sweet, 
so  the  cost  of  breaking  and  resetting  the  foundation  was  included 
in  the  cost  of  concrete  foundations  when  the  writer  was  making 
the  comparison. 

The  reasons  for  the  writer’s  opinion  in  this  matter  are  as 
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follows.  The  only  point  in  which  the  earth  anchorage  has  any 
advantage  is  in  the  cost  of  concrete  and  forms.  Earth  founda¬ 
tions  require  more  steel,  larger  and  deeper  excavations,  and  more 
backfilling.  Besides  these  facts,  the  grillage  for  earth  anchors 
practically  has  to  he  the  same,  whether  the  turn  is  0  degrees  or  45 
degrees.  It  would  cause  endless  confusion  to  have  steel  grillage 
constructed  in  as  many  dififerent  sizes  as  can  be  used  in  the  con¬ 
struction  of  concrete  piers.  In  the  writer’s  practice,  he  uses  a 
certain  size  of  pier  for  turns  of  5  to  15  degrees,  another  for  15 
to  25  degrees,  and  so  on,  up  to  the  greatest  turns  which  the  tower 
will  take.  As  the  stress  on  a  tower  taking  a  five-degree  turn  is 
less  than  on  one  taking  a  30-degree  turn,  reason  says  that  the 
anchorage  should  be  modified  to  suit  the  conditions.  In  a  tower 
made  to  resist  a  turn  of  45  degrees  in  the  line,  if  all  concrete 
foundations  were  made  heavy  enough  to  take  the  greatest  stress 
that  would  come  on  a  tower  taking  the  maximum  turn,  there  is 
no  doubt  that  the  earth  anchorage  would  have  the  advantage,  but 
as  the  average  turn  is  about  20  degrees  or  even  less  the  advantage 
lies  on  the  other  side  when  the  construction  of  the  whole  line  is 
considered. 

In  addition,  we  would  call  attention  to  the  fact  that  the  ex¬ 
cavations  must  go  wider  and  deeper  when  using  earth  anchorage 
to  make  up  for  the  loss  of  the  weight  of  concrete.  This  may  not 
seem  to  be  such  a  disadvantage,  but  when  we  consider  that  in 
that  extra  two  feet  of  depth  we  may  have  to  go  through  solid  rock, 
or  may  strike  water  (these  are  actual  experiences),  we  can  easily 
see  that  wbat  little  apparent  advantage  might  be  gained  in  a  whole 
line  by  using  earth  anchorages  may  soon  he  offset  in  a  few  towers. 

The  writer  recognizes  the  fact  that  there  are  many  localities 
where  the  difficulty  in  obtaining  materials  for  concrete  would 
make  it  more  economical  to  use  the  earth  foundations;  but,  it* 
this  is  not  the  case  in  this  district  where  steel  is  most  available, 
it  would  seem  to  the  writer  that  under  the  average  conditions  to 
he  found,  the  concrete  foundations  will  prove  the  more  economical. 

In  figuring  anchorage,  the  usual  practice  is  to  figure  the 
weight  of  the  anchorage  if  it  is  of  concrete,  and  the  weight  of  the 
additional  earth  included  in  a  solid  figure  the  base  of  which  is  the 
area  of  the  footing,  and  the  sides  of  which  slope  outward  as  they 
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go  up,  at  any  angle  of  30  degrees.  Most  specifications  which  the 
writer  has  seen,  allow  140  pounds  per  cubic  foot  for  concrete,  and 
100  pounds  for  good  earth.  The  writer’s  practice  is  to  use  150 
and  90  pounds  respectively,  which  will  require  anchorages  a  little 
heavier  than  the  values  before  mentioned.  In  the  case  of  earth 
anchorage,  the  earth  is  considered  as  sloping  at  30  degrees  to  the 
vertical,  and  the  weight  of  this  prismoid-like  figure  is  taken  as  the 
resisting  weight. 

• 

As  to  the  best  form  of  earth  anchor,  there  is  a  wide  difference 
of  opinion.  There  are  as  many  forms  as  there  are  designers. 
Some  forms  are  patented  and  some  are  not.  All  have  advantages 
and  disadvantages,  and,  without  desiring  to  disparage  in  any  way 
any  form  now  on  the  market,  the  writer  suggests  that  in  his 
opinion,  a  strut  around  the  bottom  of  the  tower  just  above  the 
ground  line,  and  a  channel  bolted  across  the  post  angle  a  little 
below  the  ground  (this  channel  being  set  across  the  two  legs  of  the 
tower  angle  at  45  degrees  to  the  axis  of  the  tower  and  secured 
with  a  U-bolt)  and  a  suitable  grillage  provided  at  the  proper 
depth,  would  be  as  near  to  an  ideal  anchorage  as  could  be  ob¬ 
tained.  The  objection  to  this  is  the  added  cost  of  the  strut  around 
the  bottom  of  the  tower,  but  after  consulting  with  erectors  the 
writer  is  of  the  opinion  that  the  saving  in  cost  of  erection  would 
more  than  offset  the  extra  cost  of  steel. 

Two  forms  of  concrete  foundations  are  in  use.  The  first 
that  would  suggest  itself  to  a  structural  engineer,  would  be  the 
common  method  of  setting  the  base  of  the  post  on  the  pier,  and 
anchoring  it  with  anchor  bolts.  This  method  is  used  on  many 
towers  for  heavy  service.  A  method  better  adapted  to  towers  on 
regular  line  work  is  the  method  of  extending  the  posts  into  the 
concrete,  and  providing  them  with  clips  to  furnish  a  good  bond. 
In  this  case,  the  anchor  stub  should  not  be  galvanized  or  painted 
below  the  line  of  concrete  except  enough  to  prevent  water  seep¬ 
ing  down  and  rusting  the  steel.  While  80  pounds  per  square 
inch  is  usually  considered  the  bonding  value  between  steel  and 
concrete,  the  writer  counts  on  only  50  pounds  in  calculating  the 
■bond  between  the  anchor  stub  and  the  concrete.  This  reduction 
is  made  because  the  stub,  which  is  usually  an  angle,  does  not 
give  the  concrete  as  good  a  chance  to  grip  it  as  does  the  ordinary 
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reinforcing  rod.  The  length  of  the  anchor  stub  should  be  made 
sufficient  to  pass  down  through  the  pier  and  take  hold  of  it  at  the 
bottom,  with  only  enough  concrete  below  to  protect  the  steel. 
The  depth  of  the  anchorage  should  be  determined  by  the  limits  of 
economy  under  average  conditions  to  be  met.  The  writer  knows 
of  no  better  way  than  the  “cut  and  try”  method.  That  is,  by 
assuming  certain  depths,  and  calculating  the  average  cost  under 
the  conditions  to  be  met  in  the  line  under  consideration,  and  tak¬ 
ing  that  which  shows  up  as  the  most  economical.  When  the 
depth  is  determined,  the  stress,  which  is  not  provided  for  by  the 
adhesion  of  the  steel  to  the  concrete,  should  be  taken  care  of  by 
bolting  clips  to  the  bottom  of  the  anchor  stub,  allowing  a  good 
margin  for  safety.  The  anchorages  on  the  compression  side  do 
not  need  to  be  as  deep  or  heavy  as  on  the  tension  side. 

Other  parts  of  the  tower  that  need  special  care,  are  the  head- 
frame  and  the  cross-arms.  Many  designers,  in  their  desire  to 
get  a  light  head- frame,  produce  a  design  that  wastes  more  in  the 
length  of  time  required  for  erection  than  is  gained  in  saving  of 
steel.  With  a  little  more  steel,  the  designer  could  make  a  head- 
frame  which  is  easily  erected.  There  are  several  easily  erected 
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forms  of  head-frames,  and  the  writer  presents  one  of  these 
which  erectors  have  mentioned  as  being  quickly  and  easily  erected. 
See  Fig.  5.  This  is  not  given  to  disparage  any  other  form,  but 
only  as  one  example  of  a  form  which  is  easy  to  erect. 

The  cross-arms  are  parts  of  the  tower  that  are  too  often 
skimped  in  the  design.  There  is  no  saving  in  a  weak  cross-arm. 
While  a  weakness  in  some  other  parts  of  the  tower  may  be  dis¬ 
tributed  over  several  different  members  and  the  tower  thus  saved 
from  collapse,  a  weakness  in  the  cross-arms  is  fatal.  There  has 
been  a  tendencv  to  make  the  cross-arms  too  thin.  Sometimes 
they  are  made  as  thin  as  J/s  inch,  but  experience  has  shown  this 
to  be  entirely  too  thin.  The  angle  may  seem  to  have  a  large  enough 
radius  of  gyration  and  sufficient  area  to  take  the  stress,  yet  the 
metal  is  so  thin  that  the  angle  does  not  act  as  such,  but  resembles 
a  folded  piece  of  paper  in  the  way  it  crumples  when  the  load  is 
applied.  Another  common  point  of  weakness  is  the  way  the 
angles  are  often  bent  at  the  end  to  form  a  convenient  connection 
for  the  insulators.  This  also  should  be  avoided.  Still  another 
common  weakness  is  the  placing  of  a  brace  between  the  angles 
at  the  middle  of  their  length,  with  the  idea  of  dividing  the  length 
of  the  compression  arm,  but  without  placing  diagonal  braces  be¬ 
tween  this  brace  and  the  body  of  the  tower.  As  the  compression 
arm  shortens  and  the  tension  arm  lengthens,  the  distance  between 
the  bolt  holes  would  not  remain  the  same  if  it  were  not  for  the 
brace;  consequently,  the  brace  tends  to  force  the  compression 
angle  out  of  line,  with  the  result  that  the  arm  collapses.  Fig.  6 


Fig.  6.  Faulty  Design  of  Cross-Arm. 
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shows  a  cross-arm  of  faulty  design.  The  results  of  stress  are 
shown  exaggerated,  in  dotted  lines,  b  ig.  7  shows  examples 


Fig.  7.  Examples  of  Collapse  of  Cross-Arm  Shown  in  big.  6. 

copied  from  sketches  in  the  writer’s  note-book,  which  illustrate 
the  failure  of  arms  of  the  design  shown.  You  will  note  that  the 
center  brace  is  a  point  of  weakness.  To  overcome  the  weakness 
shown  up  in  the  field  by  these  cross-arms,  the  form  shown  in 
Fig.  8  was  devised.  These  arms  are  made  34  inch  thick  for  strain 


Fig.  8.  Approved  Type  of  Cross-Arm. 


towers  and  3/16  inch  thick  for  suspension  or  line  towers.  The 
angles  are  left  straight  at  the  ends,  and  the  insulator  connection 
is  made  to  suit  either  suspension  or  strain  insulators.  Besides 
these  connections,  there  is  a  hole  for  connecting  the  blocks  by 
which  the  wire  is  to  be  hoisted  into  place.  This  removes  the 
temptation  to  hitch  to  the  angles,  which  often  results  in  putting 
a  crimp  in  them  before  there  is  any  strain  in  the  wire.  ( )ur 
reason  for  making  all  connections  ready  for  either  strain  or  sus¬ 
pension  insulators,  is  that  it  is  our  practice  to  use  suspension 
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insulators  for  straight  line  towers  and  for  turns  up  to  one  degree, 
except  at  railway  crossings  or  where,  for  some  other  special 
reason,  strain  insulators  are  required.  For  turns  of  1  degree  to 
15  degrees,  we  use  what  we  call  combination  insulators;  that  is, 
we  use  strain  insulators  on  the  side  of  the  tower  on  the  outside 
of  the  bend,  and  suspension  insulators  on  the  side  next  to  the 
inside  of  the  bend,  unless  the  clearance  or  limits  of  the  right  of 
way  prevent,  in  which  case  strain  insulators  are  used.  Above  15 
degrees  strain  insulators  are  used  on  both  sides  of  the  tower.  The 
use  of  a  different  kind  of  connection  for  suspension  and  strain 
insulators  required  constant  care,  and  even  with  the  closest  watch¬ 
ing  annoying  mistakes  crept  through,  so  the  policy  was  adopted  of 
making  all  connections  good  for  both  types.  This  has  proved  a 
very  satisfactory  arrangement. 

The  supporting  braces  for  the  ends  of  the  cross-arms  should 
be  made  of  angles  for  all  strain  towers  and,  while  not  so  import¬ 
ant  for  suspension  towers,  in  designing  them  it  would  also  be 
safer  to  use  angles  for  these  braces.  The  common  practice  is  to 
make  these  braces  of  bars,  assuming  that  they  will  always  be  in 
tension. 

It  often  happens  that  a  tower  must  he  placed  on  a  steep  hill¬ 
side  where  the  line  on  the  upper  side  slopes  upward  from  the 
tower.  This  is  an  undesirable  condition,  yet  cases  occur  where  it 
cannot  be  avoided.  If  a  wire  on  the  lower  side  of  the  tower 
breaks,  the  uplift  on  the  cross-arm  will  cause  it  to  collapse  unless 
the  supporting  braces  are  capable  of  withstanding  compression. 

Sometimes  it  happens  that  the  conditions  of  the  only  right  of 
way  which  it  is  possible  to  secure  make  it  impossible  to  avoid  the 
setting  of  a  tower  where  the  wires  will  produce  an  upward  pull 
on  the  tower.  In  this  case,  if  the  upward  tendency  is  very  pro¬ 
nounced,  the  stringing  of  wires  without  collapsing  the  cross-arms 
is  impossible  unless  the  supporting  braces  are  stiff  members. 

Another  point  to  be  watched  in  tower  design,  is  to  make 
parts  interchangeable.  For  the  slight  difference  that  there  is  in 
the  stresses  in  the  faces  with  and  across  the  line,  the  bother 
of  keeping  track  of  different  sizes  in  the  field  makes  it  far  more 
economical  to  make  all  faces  alike,  not  only  as  to  sections  used  but 
also  as  to  the  details.  The  connections  for  all  anchor  stubs  should 
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be  the  same.  The  connections  for  extensions  should  be  the  same 
as  for  anchor  stubs,  so  that  when  extensions  are  ordered  there 
will  be  no  need  of  furnishing  special  details  of  posts  to  take  care 
of  these  extensions.  In  general,  it  may  he  said  that  it  often  pays 
to  sacrifice  a  little  in  the  matter  of  weight  in  order  to  gain  in 
handling  and  erection. 

As  to  protective  coatings,  there  are  two  classes  in  general 
use.  For  the  common  run  of  towers,  galvanizing  is  very  largely 
used.  This,  if  rightly  done,  is  about  the  best  method  yet  devised, 
and  probably  will  be  until  a  rustless  steel  is  available.  The  gal¬ 
vanizing  should  be  done  to  equal  the  requirements  of  the  National 
Electric  Light  Association  specifications.  These  specifications  are 
so  commonly  given  in  handbooks  that  they  will  not  be  repeated 
here.  The  bolts  for  galvanized  towers,  should  be  Sherardized. 

The  other  kind  of  protective  coating  is  paint.  The  question 
of  what  constitutes  a  good  protective  paint  for  steel-work  is  a 
very  broad  subject,  and  one  to  which  the  writer  has  given  con¬ 
siderable  thought  and  study.  It  is  impossible  to  go  into  a  dis¬ 
cussion  of  that  subject  here,  further  than  to  state  a  few  facts 
which  are  agreed  upon  by  all  investigators. 

There  are  three  classes  of  paint  pigments — inhibitive,  inde¬ 
terminate,  and  stimulative ;  that  is,  preventives  of  rust,  those  that 
are  practically  neutral,  and  those  that  stimulate  rusting. 

Those  in  the  last  class  should  never  be  used  as  a  first  coat. 
Among  the  most  commonly  used  of  these  stimulative  pigments, 
are  graphite,  lamp-black  and  carbon-black.  These  should  never, 
under  any  circumstances,  be  used,  where  they  will  come  next  to 
steel.  I  hey  make  fairly  good  weathering  paints,  and  may  be 
safely  used  where  there  is  a  good  coat  of  other  paint  between 
them  and  the  steel,  but  the  writer  believes  that,  even  there,  it 
would  be  better  to  use  a  paint  which  would  not  be  injurious  in 
case  the  first  coat  is  scratched  off  in  places,  as  it  generallv  is,  by 
the  time  the  steel  is  erected.  The  only  reason  that  graphite  paint 
has  held  its  place  so  long,  is  that  it  can  be  thinned  out  and  spread 
to  an  infinitesimally  thin  film,  and  yet  be  so  opaque  that  it  will 
still  look  like  a  good  coat  of  paint. 

For  a  first  coat,  a  zinc  chromate  paint  would  be  about  the 
best  to  use,  but  it  is  usually  considered  too  expensive.  Red  lead  is 
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a  good  standard  paint  for  a  first  coat,  and,  though  it  does  not 
show  such  good  preserving  qualities  as  the  zinc  paint,  it  is  con¬ 
sidered  a  reliable  protective  paint. 

For  black  paint,  if  that  color  is  desired  for  a  final  coat,  the 
writer  would  recommend  a  blend  of  willow  charcoal  and  bone- 
black.  As  there  ought  to  be  three  coats,  the  second  coat  ought  to 
be  of  a  color  distinct  from  either  of  the  others.  “Prince’s  Me¬ 
tallic  Brown,”  with  a  little  red  lead  and  willow  charcoal,  makes 
a  good  brown  paint  which  is  not  too  expensive. 

Passing  from  these  notes  on  tower  design,  we  will  next  take 
up  the  question  of  locating  towers  along  the  line. 

When  the  transmission-tower  idea  was  first  started,  the 
lines  were  little  more  than  metallized  pole  lines.  The  towers 
were  spaced  about  300  feet  apart,  and  that  was  thought  quite  a 
distance.  Gradually  the  length  of  spans  was  increased,  until  it 
is  now  recognized  that  spans  of  a  mile  in  length  can  be  used  if 
the  profile  of  the  ground  will  allow  it.  Taking  this  district  around 
Pittsburgh,  if  the  engineering  department  has  been  in  charge  of 
the  selection  of  the  line,  and  has  been  allowed  to  place  it  where 
it  should  be  placed,  not  much  more  than  five  towers  to  the  mile 
should  be  required,  and  a  great  deal  of  the  line  can  be  put  in  at 
four  to  four  and  a  half  towers  to  the  mile. 

The  fear  of  long  spans  is  based  on  two  ideas.  The  first  is 
that  the  long  span  puts  a  greater  strain  on  the  tower  and  wire. 
The  second  is,  that  the  great  sag  in  the  wires  will  cause  them 
to  swing  together  in  a  wind  storm. 

As  to  the  first  fear,  if  the  web  members  in  the  four  faces  of 
the  tower  are  all  made  alike  and  are  heavy  enough  to  stand  the 
worst  stresses  on  them,  they  will  generally  be  strong  enough  to 
stand  the  extra  stresses  on  them,  including  the  extra  stress  due 
to  the  wind  on  the  extra  length  of  wire;  but,  if  not,  then  a  very 
slight  increase  in  the  weight  of  these,  and  also  in  the  weight  of 
posts,  will  make  the  tower  strong  enough  to  stand  any  side  pull 
from  the  force  of  the  wind  on  the  extra  length  of  wire.  As  to 
the  stress  on  the  wire  itself,  the  sags  are  figured  to  give  the  same 
stress  in  the  wire,  under  maximum  conditions,  for  any  span. 
Besides  this,  the  stress  in  a  wire  of  long  span  is  more  uniform 
than  in  a  short  span.  If  we  take  the  case  of  a  span  of  300  feet 
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and  one  of  1000  feet,  and  a  change  in  temperature  of  from  120 
degrees  to  0,  then  the  change  in  stress  in  the  short  span  will  he 
100  per  cent.,  while  in  the  long  span  it  will  he  only  about  10  per 
cent.  As  it  is  variation  of  stress  more  than  quantity,  within 
certain  limits,  that  is  injurious  to  the  wire,  it  is  seen  that  the  long 
span  will  produce  less  damaging  strain  than  the  short  one. 

The  next  idea,  namely,  that  the  swing  of  the  wires  in  the 
wind  will  cause  them  to  swing  together,  is  not  well  founded.  The 
facts  are  that  a  long  span  with  a  large  sag  will  not  swing  as  much 
as  a  short  span  and  small  sag.  W  ind,  in  this  locality  at  least,  is 
not  a  constant  quantity.  It  is  constantly  varying  and,  on  a  long 
span,  the  force  at  different  points  is  not  the  same.  The  conse¬ 
quence  is  that  the  heavy  wire  in  a  long  span  does  not  get  started 
to  swing,  as  the  puffs  of  wind  almost  never  seem  to  synchronize 
with  the  period  of  oscillation  of  the  wire,  and  men  who  work  along 
the  line  during  all  kinds  of  weather  declare  that  they  have  never 
seen  the  wire  in  one  of  our  long  spans  swinging.  In  only  one 
case  have  any  signs  been  found  that  a  wire  in  one  of  our  long 
spans  had  been  swinging,  and  in  this  case  the  wire  was  caught  on 
the  branch  of  a  tree  standing  beside  the  line.  We  have  spans  of 
1600  to  1800  feet  in  which  the  sag  is  more  than  100  feet  and  the 
spread  of  wires  16  feet,  and  they  have  never  yet  swung  together. 

In  addition  to  these  considerations,  it  must  be  remembered 
that  every  tower  is  a  point  of  hazard,  for  several  reasons.  Among 
these  is  the  fact  that  every  insulator  is  a  point  of  possible  flash 
over.  Also,  every  tower  is  the  point  of  maximum  stress  in  the 
wire,  while  the  gripping  of  the  insulator  clamp  tends  to  weaken 
the  wire  at  that  point.  The  longer  the  spans,  therefore,  the 
fewer  will  be  the  points  of  hazard. 

In  selecting  the  locations  for  towers,  the  writer  has  found 
more  satisfaction  in  using  a  profile  drawn  to  a  natural  scale,  than 
one  drawn  to  a  distorted  scale.  The  reason  for  this  is  that  the 
natural  scale  gives  one  a  better  grasp  of  what  the  real  possibilities 
of  the  profile  are.  If  merely  locating  towers  at  seven  or  eight  to 
the  mile  were  the  only  problem,  the  distorted  profile  would  serve 
its  purpose ;  but,  when  the  object  is  to  get  the  best  and  most 
economical  location  for  these  towers,  the  person  spotting  the 
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towers  must  have  a  complete  grasp  of  the  profile,  and  this  the 
writer  has  never  been  able  to  get  from  a  distorted  scale. 

The  curve  in  which  the  wire  will  hang,  being  so  close  to  a 
circular  arc,  within  the  limits  that  ordinarily  occur  in  transmission¬ 
line  work,  and  the  small  error  in  the  circular  arc  being  on  the 
safe  side,  the  writer  has  resorted  to  the  use  of  circular  curves  in 
his  work  of  plotting  the  profile  of  the  hanging  wires.  These 
curves  are  the  ordinary  transparent  celluloid  circular  curves,  on 
which  the  clearance  lines  and  the  height  of  the  standard  towers, 
and  of  the  towers  with  extensions,  have  been  marked  by  lines 
parallel  to  the  inside  edge  of  the  curve.  By  laying  this  curve 
down  on  the  profile,  approximate  locations  can  be  marked.  For 
ordinary  line  work,  using  0000  stranded,  medium,  hard-drawn, 
copper  wire,  the  writer  uses  four  curves — 24,  25,  26  and  27  inch — 
the  first  for  very  short  spans,  the  second  for  spans  of  400  to 
650  feet,  the  third  for  spans  of  650  to  1000  feet,  and  the  last  for 
all  spans  of  over  1000  feet.  By  a  little  practice,  the  operator  will 
learn  to  select  the  proper  curve  by  inspection  of  the  profile.  After 
tentatively  marking  the  tower  locations,  the  work  should  be 
carefully  checked  to  see  if  it  is  possible  to  reduce  the  number  of 
towers.  This  is  a  matter  that  will  test  the  resourcefulness  of  the 
person  doing  the  work.  After  one  is  satisfied  that  the  number 
of  towers  is  reduced  to  the  minimum,  then  he  should  test  the 
profile  again  to  see  if  any  extensions  can  be  cut  out  or  reduced. 

Care  should  be  taken  to  locate  the  towers  so  that  the  resultant 
of  the  forces,  due  to  the  tension  in  the  wires  pulling  on  the  ends 
of  the  cross-arms,  is  downward.  Any  tendency  in  the  wires  to 
pull  upward  causes  trouble,  especially  on  suspension  towers  where 
the  wires  are  apt  to  pull  the  insulators  up  against  the  cross-arms 
of  the  tower,  causing  a  short-circuit.  Sometimes  wires  which 
are  strung  in  warm  or  mild  weather  are  apparently  all  right  until 
a  cold  snap  comes,  when  the  contraction  of  the  wires  causes 
trouble.  If  the  towers  are  spaced  as  far  apart  as  the  profile  of 
the  ground  will  permit,  this  trouble  will  almost  automatically 
disappear. 

The  length  of  span  is  afifected  by  two  other  factors — the 
height  of  the  tower,  and  the  required  clearance  above  the  ground, 
river,  railway  track  or  other  wires. 
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The  height  of  towers  now  used  by  the  company,  of  which 
the  writer  has  been  speaking,  is  4<  feet  from  base  to  the  first  pair 
of  wires,  seven  feet  to  the  next  pair,  eight  feet  to  the  upper  pair 
of  power  wires,  and  seven  feet  from  the  upper  power  wires  to 
the  ground  wires.  In  addition  to  the  standard  towers,  10-foot  or 
20-foot  extensions  may  be  added,  giving  increased  height  to  the 
towers. 

The  minimum  clearance  allowed  above  the  ground  is  25 
feet,  but  where  this  is  less  than  the  minimum  required  by  the 
National  Electric  Safety  Code,  the  clearance  is  increased  to  con¬ 
form  to  the  code.  This  code  calls  for  22  feet  over  a  street  or 
traveled  way,  20  feet  along  roads  in  rural  districts,  and  IT  feet 
for  crossings  over  spaces  or  ways  accessible  to  pedestrians  only. 
These  clearances  are  based  on  a  current  of  50,000  volts  and  must 
be  increased  by  one-half  inch  for  each  1000  volts  in  excess  of  this 
number.  They  must  also  he  increased  by  one  inch  for  each  10 
feet  in  excess  of  150  feet  in  length  of  span,  till  a  300-foot  span  is 
reached,  after  which  they  must  be  increased  by  one  inch  for  each 
20  feet  of  additional  span  length. 

For  clearance  over  other  wires  or  over  railways,  General 
Order  13  of  the  Public  Service  Commission  of  Pennsylvania 
must  be  followed  in  this  state.  This  order  requires  a  clearance 
over  public  utility  wires,  of  0.1  foot  for  each  kilovolt ;  with  a 
minimum  of  four  feet.  To  this  must  he  added  two  inches 
for  each  10  feet  in  the  quantity  obtained  by  adding  the 
distance  from  the  point  of  crossing  to  the  nearest  tower  on  the 
crossing  line,  and  the  distance  from  the  same  point  to  the  nearest 
pole  on  the  line  crossed.  For  crossings  over  railways,  this  order 
calls  for  20  feet  plus  the  minimum  separation  between  conductors, 
which  is  60  inches  for  voltages  from  -17,000  to  70,000,  with  0.6 
inch  added  for  each  kilovolt  over  70,000.  This  clearance  is  for 
spans  up  to  150  feet;  for  longer  spans,  the  clearance  must  he  in¬ 
creased  by  two  inches  for  each  10  feet  in  excess  of  the  150  feet, 
l  he  sags  which  allow  these  clearances,  are  to  be  taken  at  a  tem¬ 
perature  of  60  degrees  F.  with  no  wind  on  the  wires.  We  would 
remark  in  passing,  that  general  Order  13  also  states  that  there 
shall  be  no  ice  load  considered  on  the  wires  at  60  degrees 
temperature. 
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After  the  number  and  length  of  towers  have  been  reduced  to 
the  absolute  minimum,  the  surveying  corps  must  again  be  called 
on  to  take  the  contour  of  the  ground  around  each  tower  location. 
Contours  should  be  taken  for  a  distance  of  not  less  than  10  feet  on 
each  side  beyond  the  outside  of  the  tower. 

From  these  contours,  the  exact  elevation  of  the  tower  is  de¬ 
termined,  and  it  is  also  determined  whether  any  hillside  exten¬ 
sions  are  required,  to  make  the  base  of  the  tower  fit  the  ground. 
The  hillside  extensions  used  by  the  writer’s  company  are  as  fol¬ 
lows — six  feet  for  the  standard  suspension  tower,  eight  feet  for 
the  same  tower  with  a  10-foot  extension,  and  10  feet  for  a  tower 
with  a  20-foot  extension.  These  hillside  extensions  are  made 
with  either  one  leg  or  two  legs  extended.  On  the  original  towers 
two  lengths  were  used  for  hillside  extensions — 5  and  10  feet. 
These  were  combined  as  follows — first,  one-leg  extensions  of 
either  length  for  all  types  of  towers;  second,  two-leg  extensions 
for  all  types  of  towers,  both  the  legs  of  the  extension  being  either 
5  or  10  feet  or  one  leg  being  5  feet  and  one  10  feet.  While  this 
arrangement  was  somewhat  complicated,  and  caused  a  little  con¬ 
fusion  at  times,  yet  after  considering  the  difficulties  in  fitting  the 
later  types  to  the  ground,  the  writer  seriously  doubts  whether  the 
simplification  noted  above  has  been  for  the  better. 

Coming  to  the  matter  of  the  actual  erection  of  the  towers, 
the  first  matter  is  the  excavation  for  setting  the  anchors.  These 
excavations  should  be  carefully  laid  out  by  engineers.  There  is 
a  custom  among  some  companies  of  simply  making  the  excava¬ 
tions  so  big  that  the  men  setting  the  anchors  are  bound  to  have 
room  to  set  them  in  place.  This  is  a  very  foolish  policy,  as  fre¬ 
quently  the  excavation  is  through  rock;  or  it  often  happens  that 
the  work  must  be  done  in  rainy  weather,  and  it  is  necessary  to 
make  the  time  spent  in  excavating  as  short  as  possible,  so  that 
the  anchors  may  be  set  quickly,  to  avoid  the  danger  of  the  ground 
caving  in  around  the  excavation.  The  time  and -money  spent  in 
properly  laying  out  the  excavations  is  saved  many  times  over  in 
the  construction  of  the  line. 

Fig.  9  shows  the  method  followed  in  giving  information  to 
the  men  in  charge  of  the  laying  out  of  the  suspension  towers. 
The  drawing  is  made  up  as  shown,  and  brown  prints  taken ;  not 
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Rcmorki,- -  Survey  Notts,-  Book  No  ....  Page. _ .. 

— - - -  Profile.. Notes,  B  ook  No _ _  Page  .... 

_ _ _  Contour  Notes,-  Book  No _ _  T-Vige _ _ 

Elxc.ovc\t ion  T^lcvn  Jor  Suspension 

T"  o  we  r  No. _ 

On  "Propcrttj  o^ _ 

- Townshipj _ County. 

Tronarnisaion  Lm«,. 

Fig.  9.  Sample  Blank  Excavation  Plan  for  Suspension  Tower. 

reversed  as  for  a  negative,  but  with  the  tracing  right  side  up.  The 
blanks  on  these  prints  are  filled  in,  giving  information  for  the 
tower,  and  blue-prints  are  taken  ofif  this  and  sent  to  the  man  in 

the  field. 

Fig.  10  shows  the  method  of  handling  strain  towers.  The 
drawing  is  made  up,  omitting  all  dimensions  which  are  not  com¬ 
mon  to  all  towers  of  the  type  for  which  the  foundation  is  de¬ 
signed.  Negatives  are  then  taken  and  white  prints  with  brown 
lines  are  made.  On  these,  the  dimensions  peculiar  to  the  tower 
in  question  are  filled  in.  These  are  used  as  drawings,  blue-prints 
being  taken  ofif  them  and  sent  to  the  field. 

All  data  should  be  given  on  these  drawings,  such  as  number 
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PlE.ES  FOE  J)TEAi/t  ToWEE.  /S? _ 

At  JjTATiort _ 

Peoptcrr  or _ 

T0"w/»3m» _ 

County _ _ 

Fig.  10.  Sample  Standard  Blank  Drawing  for  Foundations  of  Strain 

Tower. 

of  note-books  and  page  numbers  on  which  the  survey,  profile 
and  contour  notes  are  recorded.  The  location  and  elevation  of 
the  nearest  bench-mark  should  be  given,  and  also  any  other  in¬ 
formation  useful  to  the  men  laying  out  the  tower. 

The  setting  of  the  templet  for  spacing  and  holding  the 
anchor  stubs  in  place  should  be  carefully  checked.  The  back¬ 
filling  after  the  stubs  are  set,  or  the  concrete  is  in  place,  should 
be  very  thoroughly  tamped. 

The  next  step  is  the  erection  of  towers.  It  is  necessary  that 
the  towers  be  shipped  as  units ;  that  is,  the  parts  should  be  so 
arranged,  in  shipping,  that  an  entire  tower  can  be  unloaded  at 
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one  place  without  breaking  bundles  or  opening  the  boxes  or  bags 
of  bolts  or  small  fittings.  In  unloading  the  towers,  the  erection 
foreman  or  a  very  capable  assistant  should  be  present  to  see  to 
the  arrangement  of  the  parts  on  the  ground.  T  his  makes  a  very 
material  difference  in  the  cost  of  erection,  making  it  possible  to 
reduce  the  erection  force  by  three  or  four  men  to  a  gang. 

Three  methods  are  used  in  the  erection  of  towers.  One  is  to 
assemble  the  tower  on  the  ground,  and  then  raise  it  to  its  up¬ 
right  position.  The  second  is  to  assemble  the  parts  of  two  opposite 
faces  on  the  .ground,  raise  these  to  position,  and  then  fill  in  the 
remaining  two  faces  in  the  air.  The  third,  and  the  one  most 
commonly  used  by  our  own  organization,  is  to  erect  the  tower 
in  the  air;  that  is,  in  its  normal  position. 

Erection  may  be  very  cheap  or  very  expensive,  depending  on 
the  man  in  charge.  The  erection  costs  on  a  line  built  in  1919 
averaged  $13.30  per  ton  for  work  above  ground.  The  work  of 
setting  stubs  averaged  considerably  higher,  and  brought  the 
average  for  all  steel,  above  and  below  ground,  to  $17 .86  per  ton. 
Part  of  this  work  of  setting  anchor  stubs  was  let  out  by  contract, 
and  cost  considerably  more  than  the  work  done  by  the  company. 

The  sole  purpose  for  which  these  towers  are  erected,  is  to  en¬ 
able  the  transmission  of  electric  current.  This  leads  to  the  con¬ 
sideration  of  the  conductors  and  insulators. 

The  insulators  in  general  use  at  present  for  this  kind  of 
work  are  of  the  disk  type.  In  the  earlier  days  of  transmission¬ 
line  construction,  pin  insulators  were  commonly  used,  but  these 
have  largely  gone  out  of  use  for  high-tension  work. 

There  are  several  makes  of  disk  insulators  each  having  its 
strong  and  its  weak  points.  The  disks  are  connected  together  by 
means  of  fittings  which  are  furnished  with  the  insulators,  and  are 
catalogued  by  the  manufacturers,  so  need  not  he  described  here. 
I  hese  insulators  and  their  fittings  should  be  thoroughly  tested 
before  the  type  is  adopted;  and,  before  they  are  sent  from  the 
factory,  the  insulators  themselves  should  be  tested  to  detect  any 
defective  ones.  There  are  several  ways  of  connecting  the  in¬ 
sulator  strings  to  the  tower.  Some  use  a  clevis  and  bolt ;  others 
use  hooks.  The  writer  prefers  the  latter  method,  and  for 
river  crossings,  uses  a  double  string  of  insulators  connected  by 
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yokes.  Hooks  may  be  made  of  forged  steel  or  malleable  iron, 
depending  on  tbe  service  they  are  expected  to  give.  The  design  of 
hook  should  be  thoroughly  tested  before  it  is  adopted. 


Fig.  11.  Suspension  Insulator  String  in  Position. 


Fig.  12.  Strain  Insulator  String  in  Position. 
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Several  views  are  presented,  illustrating  the  methods  of  con¬ 
necting  the  insulators.  Fig.  It  illustrates  a  suspension  string  of 
insulators  in  position,  showing  the  hook  connecting  it  to  the 


Fig.  13.  Strain  Insulators  in  Position  and  Wires  Strung. 


tower,  the  clamp  holding  the  wire,  and  the  arcing  horns.  These 
arcing  horns  are  for  the  purpose  of  saving  the  insulator  in  case 
of  a  flash  over,  by  providing  an  easier  path  tor  the  electric 
flash,  than  through  the  insulator  disks.  Fig.  1*2  illustrates  a 
strain  insulator  in  position,  showing  the  hook,  the  clamp,  and  the 


Fig.  14.  Double  String  Insulators  with  Hook.  Yokes,  and  Clamp. 
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arcing  horn  on  the  clamp.  Fig.  13  shows  the  strain  insulators  in 
position  on  the  tower  with  the  wire  strung..  It  will  be  noted  that 
two  makes  of  insulators  appear  in  this  picture,  the  one  being  light 
colored  and  the  other  dark.  In  this  view,  the  jumper  wire  is 
shown,  this  being  the  part  of  the  wire  that  passes  from  one  clamp 
to  the  other,  joining  the  two  spans.  Fig.  14  shows  a  double 
string  of  insulators,  with  hook,  clamp,  and  yokes.  Fig.  15  shows 


Fig.  15.  Testing  Connections  in  String  of  Insulators  before  Installing 

on  Tower. 

the  men  testing  a  string  of  insulators  before  putting  it  up.  This 
is  not  the  testing  of  the  individual  insulators  previously  mentioned, 
but  simply  a  field  test  to  see  if  all  connections  have  been  properly 
made,  before  it  is  put  on  the  tower. 

Conductors  may  be  of  steel,  aluminum  or  copper.  Steel  is 
the  strongest  and  in  many  ways  the  best  suited  for  this  work  as 
judged  from  a  mechanical  standpoint,  and  if  properly  galvanized 
it  would  last  a  reasonably  long  time,  but  its  conductivity  is  so  low 
— being  only  11.4  per  cent,  that  of  soft-drawn  copper — that  it  is 
not  desirable  as  a  conductor. 

Aluminum  is  a  better  conductor  than  steel,  its  conductivity 
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being  GO. 5  per  cent,  that  of  copper,  yet  its  strength  is  only  *3:1,000 
to  24,000  pounds  per  square  inch,  as  compared  to  34,000  for  soft- 
drawn  copper,  and  55,000  to  00,000  for  hard-drawn  copper.  Its 
modulus  of  elasticity  is  only  9,000,000  as  compared  to  12,000,000 
for  soft-drawn  copper,  16,000,000  for  hard-drawn  copper,  and 
29,000,000  for  steel.  The  coefficient  of  temperature  expansion  of 
aluminum  is  0.0000128,  as  compared  to  0.0000096  for  copper  and 
0.0000068  for  steel,  per  degree  F.  The  melting  point  of  aluminum 
is  1216  degrees,  compared  with  1981  degrees  for  copper.  This 
means  that,  as  compared  with  copper,  aluminum  is  weaker,  more 
easily  stretched,  more  affected  by  temperature  and  easier  to  burn 
out  when  there  is  a  short-circuit,  besides  being  a  poorer  conductor. 
Thus  it  is  seen  that  in  the  present  state  of  our  knowledge,  copper 
seems  to  be  in  a  class  by  itself  as  a  conductor  for  transmission 
lines.  There  are  two  other  forms  in  which  wire  is  manufactured 
for  transmission-line  work.  One  of  these  is  steel-reinforced  alu¬ 
minum.  which  consists  of  a  core  of  steel — single  strand  in  the 
smaller  wires,  or  a  stranded  wire  in  the  larger  sizes — around 
which  core  the  aluminum  wires  are  wrapped. 

The  writer  is  somewhat  in  doubt  as  to  the  full  efficiency  of 
this  wire.  In  the  first  place,  there  is  no  real  bond  between  the 
two  metals.  The  difference  in  the  modulus  of  elasticity  can  he 
taken  care  of  in  the  method  of  calculation,  but  no  method  has  been 
devised  to  take  care  of  the  difference  in  the  coefficient  of  expan¬ 
sion.  It  is  evident  that  the  two  metals  will  work  together  at  onlv 
one  temperature,  while  at  all  other  temperatures  one  or  the  other 
of  the  metals  will  be  taking  all  the  load.  As  the  assumed  con¬ 
ditions  of  maximum  loading  are  based  on  zero  temperature,  and. 
as  the  wire  is  not  manufactured  at  so  low  a  temperature,  it  is 
evident  that  under  maximum  conditions  the  aluminum  will  at¬ 
tempt  to  take  the  whole  load  till  it  has  stretched  to  the  length  of 
the  steel  at  zero  temperature.  From  that  time  on,  the  steel  must 
carry  the  whole  load,  except  when  the  temperature  falls  to  zero 
or  below.  In  view  of  this,  it  seems  to  the  author  that  the  only 
safe  method  is  to  consider  the  steel  as  taking  all  the  load,  in 
the  same  manner  that  a  messenger  wire  carries  a  lead  cable,  and 
to  calculate  the  sag  of  the  wires  on  this  basis.  The  construction 
of  the  clamps  used  with  this  wire  are  based  on  this  principle; 
that  is,  the  steel  core  is  taken  out  of  the  center  of  the  wire  and  run 
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into  the  clamp  and  secured,  while  the  aluminum  is  continued  over 
for  a  jumper,  the  steel  core  being  replaced  by  an  aluminum  one. 
This  method  is  safer  also  in  case  the  wire  is  struck  by  lightning, 
or  in  case  of  a  flash  over.  The  aluminum  strands  are  seriously 
damaged  for  a  considerable  distance,  and  often  in  locations  where 
inspection  is  impossible,  so  that  unless  the  steel  core  is  strong 
enough  to  carry  the  whole  load  the  wire  is  liable  to  break  when¬ 
ever  heavy  loading  conditions  occur.  The  method  of  considering 
the  steel  as  carrying  the  entire  load  was  employed  in  the  design 
of  a  5000-foot  span  for  the  Knoxville  Power  Company  in  Ten¬ 
nessee. 

One  other  form  of  wire  will  be  considered;  that  is,  copper- 
clad  steel.  In  the  manufacture  of  this  wire,  the  billet  is  made  with 
a  steel  core  surrounded  by  a  copper  jacket.  This  is  rolled  and 
drawn  into  wire,  making  a  ste.el-cored  copper  wire.  Three  meth¬ 
ods  are  used  in  the  manufacture  of  this  wire.  One  is  that  of  in¬ 
serting  a  bar  of  steel  into  a  sleeve  of  copper,  thus  forming  the 
billet  from  which  the  wire  is  drawn.  If  this  process  is  properly 
carried  out  at  the  right  temperature  a  welded  joint  between  the 
copper  and  the  steel  will  be  secured.  The  second  method  is 
that  of  dipping  a  bar  of  steel  into  molten  copper  a  number  of  times, 
till  a  coating  of  copper  of  the  desired  thickness  is  formed  around 
the  steel.  This  is  then  drawn  into  the  wire.  This  produces  a  wire 
in  which  there  is  a  true  amalgamation  between  the  metals,  but  it 
is  difficult  ta  make  sure  that  the  steel  core  is  in  the  exact  center 
of  the  wire,  and  also  hard  to  make  sure  of  the  exact  propor¬ 
tion  of  the  two  metals.  The  third  method,  and  the  one  which 
the  writer  believes  to  be  quite  reliable,  is  that  of  setting  a 
heated  steel  bar  in  the  center  of  a  cylindrical  mold,  and  casting 
the  copper  casing  around  it.  This  billet  is  then  made  into  wire 
of  the  desired  gage.  Tests  have  shown  that  the  variation  in  the 
proportion  between  the  two  metals  in  the  original  billet  and  the 
finished  wire  is  very  slight. 

The  writer  bases  his  calculations  for  this  wire  on  the  values 
given  by  the  Copper  Clad  Steel  Company,  which  are  as  follows. 
Breaking  strength  variable,  depending  on  the  size  of  the  wire 
(definite  information  given  in  tabulation  of  properties  of  wires). 
Modulus  of  elasticity  20,000,000.  Coefficient  of  expansion  for 
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one  degree  F.  0.0000072.  For  stranded  wire,  the  ultimate  strength 
is  taken  as  90  per  cent,  of  the  combined  strength  of  the  individual 
wires.  It  may  be  mentioned,  in  passing,  that  this  company  has 
made  the  only  tests  of  which  the  writer  has  any  knowledge,  to 
determine  the  true  modulus  of  elasticity  of  stranded  wires,  but 
more  will  be  said  later  on  this  subject. 

At  present,  the  main  field  for  copper-clad  wire  is  on  long 
spans,  where  small  sag  is  desirable,  and  for  ground  wires.  Its 
conductivity  is  low — it  being  made  in  30  and  40  per  cent,  con¬ 
ductivities — and  so  it  can  not  as  yet  compete  with  copper  wire 
for  general  line  construction,  but  a  new  form  is  being  put  on  the  * 
market,  in  which  the  conductivity  is  about  75  per  cent,  and  this 
should  enable  it  to  compete  with  copper,  due  to  the  fact  that  the 
smaller  sags  possible  would  reduce  the  number  of  towers  re¬ 
quired,  which  would  possibly  reduce  the  cost  of  the  line  sufficiently 
to  justify  using  a  larger  wire. 

The  subject  of  calculation  of  sags  would  be  the  logical  one 
to  take  up  here,  but,  as  it  is  the  intention  to  treat  this  as  a  special 
subject,  the  stringing  of  wires  will  be  considered  here. 

As  the  wire  comes  in  reels  of  about  a  mile  in  length,  the 
unrolling  and  distributing  of  the  wire  is  a  matter  for  consideration. 
The  line  must  be  cleared  of  trees  and  underbrush  before  the 
stringing  can  be  done.  The  reels  of  wire  are  taken  out  and  set  in 
the  locations  where  they  will  be  needed.  A  rope  is  attached  to 
the  end  of  the  wire  and  drawn  through  pulleys  attached  to  the 
towers.  A  rope  a  mile  long  is  used  by  the  company  with  which 
the  writer  is  most  familiar.  The  pulling  may  be  done  by  horses 
or  mules  or  by  an  engine.  The  adoption  of  the  last  method  has 
saved  the  company  a  large  percentage  of  the  cost  of  stringing  the 
wires.  This  engine  is  set  up  on  the  line  and  held  in  place  by  two 
bars,  driven  into  the  ground  and  lashed  to  the  framework  of  the 
engine.  The  wire  is  thus  distributed  along  the  line.  In  pulling 
the  wire  up  to  the  proper  sag,  horses  or  mules  are  still  generally 
used,  due  to  the  fact  that  a  gasoline  engine  can  not  start  under  a 
load,  and  this  work  requires  the  holding  the  tension  for  a  con¬ 
siderable  time,  while  making  the  adjustments  to  get  the  exact  sag 
and  while  fastening  the  wire.  The  engine  has  however  been  tried 
on  this  work,  and  possibly  with  a  little  more  experience  it  may 
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prove  successful  here  also. 

Three  views  illustrate  the  stringing  of  the  wire.  Fig.  16 


Fig.  16.  Engine  Pulling  up  Cable. 


shows  the  engine  pulling  the  wire  along  the  line.  Note  the  method 
of  anchoring  the  frame  in  place.  Fig.  17  shows  a  team  of  horses 


Fig.  17.  Team  of  Horses  Pulling  up  Cable. 


pulling  the  wires  up  to  the  exact  sag.  Fig.  18  shows  the  method 
of  splicing  the  wire.  The  wires  from  each  end  are  run  through 
a  sleeve,  which  is  just  large  enough  to  take  the  two  wires.  A 
wrench  is  applied  to  each  end,  and  the  sleeve  and  wires  are  twisted 
around  until  they  are  thoroughly  spliced  as  you  see  in  the  picture. 

One  trouble  which  is  experienced  by  nearly  all  companies, 
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Fig.  18.  Wire  Splice. 

when  starting  out  in  transmission  line  construction,  is  that  of 
getting  the  men  in  the  field  to  understand  that  the  suspension  in¬ 
sulators  do  not  need  to  hang  plumb.  For  example,  supposing  we 
have  a  300-foot  span  and  adjacent  to  it  a  1000-foot  span.  The 
temperature  is  120  degrees  in  the  hot  July  sun.  There  is  a  cer¬ 
tain  tension  in  the  wire,  which  will  be  adjusted  as  nearly  as  pos¬ 
sible  by  the  swinging  of  the  insulator.  Xow  taking  a  zero  day  in 
January,  the  tension  in  the  short  span  has  varied  100  per  cent, 
while  the  tension  in  the  long  span  has  varied  only  10  per  cent. 
It  is  evident  that  the  suspension  insulator  will  not  hang  in  the 
same  position  to  adjust  the  tension,  that  it  did  at  a  higher  tem¬ 
perature.  The  suspension  insulators  will  hang  in  a  perpendicular 
position  at  a  certain  critical  temperature,  depending  on  the  length 
of  the  adjacent  spans,  but  at  no  other  temperature.  On  our  first 
line,  the  men  who  were  stringing  the  wires,  went  over  the  whole 
line  resagging  the  wires.  They  then  reported  to  the  office  that 
the  sag  charts  furnished  were  wrong.  On  being  cross-questioned 
as  to  why  they  thought  so,  they  said  it  was  because  the  insulators 
were  hanging  out  of  plumb.  The  writer  said,  “You  resagged 
the  line  in  March,  didn’t  you?”  This  being  admitted,  he  con¬ 
tinued,  “Go  back  in  August,  and  not  one  of  the  insulators  will 
be  hanging  plumb.”  Since  then  our  sag  charts  have  the  follow¬ 
ing  note:  “Insulators  will  not  hang  vertically  except  at  certain  tem¬ 
peratures.  Insulators  are  to  be  held  vertically  till  wire  is  properly 
sagged.  After  releasing  them  no  readjustments  are  to  be  made 
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to  make  them  hang  vertically.” 

The  question  of  the  proper  sags  to  give  the  wire,  as  stated 
before,  should  logically  have  come  earlier  in  this  paper,  but  as 
the  purpose  is  to  present  some  new  methods  of  calculation  con¬ 
nected  with  the  tables  which  are  presented  at  the  last  of  the  paper, 
the  entire  discussion  has  been  deferred  until  this  time. 

When  telegraph,  telephone,  or  other  forms  of  electric  lines 
were  strung  on  wooden  poles,  and  spans  were  short,  not  exceed¬ 
ing  200  feet,  the  question  of  the  proper  amount  of  sag  was  not 
a  very  important  one.  It  was  simply  considered  a  matter  that 
could  be  left  to  the  judgment  of  the  workmen  who  were  stringing 
the  line.  They  merely  drew  the  wire  tight  and  then  slacked  it  off 
a  little,  till  it  looked  right  to  them.  If  a  pole  broke,  or  the  wires 
came  down  in  any  way,  the  company  owning  the  line,  and  any 
one  struck  by  the  falling  poles  or  wires  were  simply  out  of  luck. 
It  was  considered  merely  an  act  of  Providence. 

With  the  advent  of  higher  voltages,  when  the  cost  of  repair 
became  a  more  serious  matter  and  the  danger  to  persons  and 
property  became  a  heavy  liability,  the  companies  owning  the  lines 
began  to  realize  that  the  matter  of  determining  safe  sags  for  the 
wires  and  of  stringing  them  to  those  sags,  was  not  only  possible, 
but  a  necessity.  While  at  first  it  was  thought  that  this  calculation 
need  be  applied  to  heavy  transmission  lines  only,  it  is  now  being 
more  and  more  realized  that  it  is  safer  to  string  the  common  pole 
lines  in  the  same  way. 

Much  has  been  written  on  the  subject  of  the  calculation  of 
sags  for  wires,  and  it  will  seem  at  first  that  the  writer  is  simply 
adding  another  method  to  an  already  numerous  collection,  but  he 
has  found  the  method  herein  described  to  possess  so  many  advan¬ 
tages — which  have  been  demonstrated  in  several  ways,  including 
competitive  trials — that  he  believes  the  publication  of  this  new 
method  will  be  of  advantage  to  the  engineering  profession. 

The  method  devised  by  Mr.  Percy  H.  Thomas,  which  he  de¬ 
scribed  in  the  Transactions  of  The  American  Institute  of  Electrical 
Engineers*  in  1911,  and  which  is  also  explained  in  the  “Hand¬ 
book  on  Overhead  Line  Construction,”  of  the  National  Electric 
Light  Association;  also  in  the  excellent  work  on  “Transmission 
Towers,”  written  bv  Mr.  E.  L.  Gemmill  of  our  own  Societv,  and 
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published  by  the  Blaw-Knox  Company,  will  not  be  again  explained 
here,  as  this  paper  is  already  longer  than  at  first  intended.  'I  he 
Thomas  method  is  generally  acknowledged  to  be  the  best  yet  pub¬ 
lished,  and  the  writer  has  used  it  for  a  number  of  years;  and  in 
presenting  a  new  method,  he  does  not  wish  to  detract  one  iota 
from  the  credit  due  Mr.  Thomas  as  the  inventor  of  an  excellent 
method  of  calculation. 

The  difficulty  which  the  writer  has  experienced  with  the 
Thomas  method,  is  the  impossibility  of  securing  cross-section 
tracing  cloth  of  sufficient  accuracy  for  perfect  work.  The  writer 
has  two  charts  plotted  from  the  same  set  of  figures,  these  figures 
being  calculated  and  checked  to  very  much  more  frequent  inter¬ 
vals  than  any  which  the  writer  has  seen  published.  The  plotting 
was  done  under  a  strong  magnifying  glass,  and  both  charts  are 
about  six  feet  long;  yet  sags  calculated  on  these  two  charts  for 
the  same  span  will  sometimes  vary  by  more  than  a  foot.  While 
this  may  not  seem  to  be  a  very  serious  difference,  yet  the  writer 
has  one  case  in  mind  where  the  re-checking  of  a  span  by  the 
method  explained  in  this  paper,  saved  $40  or  more  on  one  span. 
While  the  error  in  the  readings  from  the  Thomas  chart  was  very 
small,  as  reckoned  in  percentage,  yet  the  clearance  requirements 
were  very  strict  and  the  difference  in  the  figures  on  the  sag  was 
sufficient  to  allow  the  foundations  to  be  placed  in  a  better  loca¬ 
tion  without  the  use  of  extended  piers  or  the  need  of  ordering 
additional  steel.  While  this  is  an  exceptional  case,  it  shows  what 
might  happen. 

But  it  is  not  chiefly  on  this  basis  that  the  writer  presents  his 
claims  for  the  new  method.  The  time  element  is  one  of  the  chief 
factors  in  determining  the  efficiency  of  a  method.  The  writer 
confesses  that  his  first  results  with  the  new  method  were  a  dis¬ 
appointment  to  him,  in  regard  to  the  speed  attainable.  With  a 
little  practice,  however,  he  was  soon  attaining  as  high  a  speed  as 
he  ever  attained  with  the  Thomas  chart  and  in  his  first  extended 
work  while  using  the  new  method  he  was  able  to  make  from  50  to 
100  per  cent,  greater  speed  than  he  ever  made  with  the  Thomas 
chart.  Another  point  of  advantage  is  that  the  tables  presented 
are  full  enough  to  allow  quick  calculations  to  be  made,  when  ex- 
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treme  accuracy  is  not  needed,  so  that,  as  compared  with  the  various 
approximate  methods  in  vogue,  more  accurate  results  in  the  same 
or  less  time  can  be  obtained. 

Before  entering  into  a  detailed  explanation  of  these  tables 
and  their  use,  it  would  be  well  to  go  over  the  underlying  prin¬ 
ciples  of  sag  calculation. 

The  first  attempts  to  determine  the  true  sag  required  in  wires 
in  a  given  span,  to  obtain  definite  results,  were  based  on  the  as¬ 
sumption  that  the  curve  in  which  the  wires  will  hang  is  a  parabola. 
Many  claim  that  the  parabola  is  nearer  to  the  true  curve  than  is 
the  catenary.  Their  argument  is  that  the  wire  is  not  perfectly 
flexible,  which  is  the  assumption  in  determining  the  equation  of 
the  catenary.  If  the  wire  were  perfectly  flexible,  the  true  curve 
would  be  an  elastic  catenary.  However,  the  modulus  of  elasticity 
in  the  wire  being  so  high  in  proportion  to  the  weight  of  the  wire, 
the  difference  between  the  elastic  catenary  and  the  common  cate¬ 
nary  would  be  very  small;  so  small,  in  fact,  that  it  is  doubtful  if 
it  could  be  measured  anywhere  except  in  the  laboratory. 

If  the  wire  were  perfectly  straight  to  begin  with,  and  the 
flexibility  of  the  wire  were  uniform  throughout  its  length,  and 
this  flexibility  a  known  quantity,  then  the  true  curve  might  be 
determined.  But  the  wire  is  unrolled  from  a  reel,  and  is  always 
tending  to  twist  itself  up,  and  is  subject  to  so  many  other  inde¬ 
terminate  conditions,  that  it  is  impossible  to  determine  the  true 
curve. 

The  common  catenary  is  probably  the  safest  curve  to  base 
our  calculations  on,  when  figuring  the  sag  to  be  given  the  wire. 
This  curve  is  a  tedious  one  to  calculate,  and  for  some  of  its 
characteristics  the  writer  knows  of  no  practical  solution  which  is 
simple  enough  for  common  application.  The  chart  devised  by 
Mr.  Percy  H.  Thomas,  of  which  we  have  already  spoken,  is  a 
graphical  method  of  solving  the  problems  involved.  The  method 
which  the  writer  presents  is  a  tabular  method  in  which  the  func¬ 
tions  are  given  at  sufficiently  frequent  intervals  to  make  inter¬ 
polation  practically  accurate. 

The  basic  assumptions  for  the  calculation,  are  the  length  of 
span,  the  conditions  of  loading,  the  temperature,  the  allowed  ten¬ 
sion  in  the  wire,  the  modulus  of  elasticity  of  the  wire,  and  the 
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coefficient  of  temperature  expansion  in  the  wire. 

The  conditions  of  loading  are  explained  on  page  31 T  of  this 
paper.  In  preparing  tables  or  charts,  giving  sags  for  wire  at 
different  spans,  the  temperature  is  usually  taken  at  intervals  of 
10  or  20  degrees. 

In  regard  to  the  modulus  of  elasticity,  one  error  in  the  pub¬ 
lished  tables  has  persisted  too  long  for  any  credit  to  the  engineer¬ 
ing  profession ;  that  is,  the  assumption  that  the  modulus  of  elas¬ 
ticity  of  a  stranded  wire  is  the  same  as  for  a  solid  wire.  It  is 
almost  self  evident  that  they  will  not  be  the  same,  yet  from  year 
to  year  the  assumption  is  made  that  they  are. 

The  Copper  Clad  Steel  Company  has  recently  conducted 
some  tests  of  seven-strand  wire,  showing  that  the  stretch  of  a 
stranded  wire  may  be  as  much  as  20  per  cent,  more  than  for  a 
solid  wire  of  the  same  sectional  area.  The  writer  knows  of  no 
tests  on  19-strand  wire.  In  preparing  the  tables  at  the  end  of  the 
paper,  the  writer  has  made  the  following  assumptions,  since  he 
has  no  actual  tests  except  those  referred  to.  The  first  assumption 
is  that  the  stretch  of  a  19-strand  wire  will  bear  the  same  relation¬ 
ship  to  the  stretch  of  a  solid  wire  of  the  same  sectional  area,  as  a 
seven-strand  wire  bears  to  its  corresponding  solid  wire  of  the 
same  outside  diameter.  In  the  absence  of  tests,  we  have  to  make 
some  assumption  in  this  case,  and  it  has  seemed  to  the  writer  that 
the  advantage  of  having  smaller  wires  in  the  strands  would  he 
offset  by  the  fact  that  there  are  two  layers  of  spirally  coiled  wires 
around  the  central  core  instead  of  one,  so  he  has  considered  that 
this  basis  would  be  about  as  near  the  truth  as  any  that  he  could 
think  of.  Actual  tests  may  give  different  results  from  the  ones 
obtained  by  this  method,  but  it  certainly  is  nearer  the  truth  than 
the  assumptions  that  have  been  made  heretofore — that  the  modulus 
of  elasticity  is  the  same  in  a  stranded  as  in  a  solid  wire. 

The  next  assumption  is  that  the  same  curve  plotted  for  the 
Copper  Clad  Steel  Company’s  wire  can  be  used  for  other  ma¬ 
terials.  \\  hile  this  may  not  prove  exactly  accurate,  vet  it  is  as 
good' a  basis  of  calculation  as  the  writer  can  think  of  until  actual 
tests  are  made. 

Before  beginning  the  actual  explanation  of  the  use  of  the 
tables,  there  is  presented  a  short  analysis  of  what  occurs  in  the 
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wire  when  under  the  different  conditions  of  stress. 

First,  the  wire  is  assumed  to  be  loaded  with  the  maximum 
loading  of  ice  and  wind,  and  under  these  conditions  to  be  stressed 
to  the  maximum  allowed  tension.  Under  these  conditions  the 
wire  is  longer  than  the  unstressed  wire.  If  the  temperature  goes 
up,  the  expansion  of  the  wire  will  cause  an  increase  in  the  sag, 
which,  within  the  limits  of  practical  construction,  will  decrease 
the  tension  thus  allowing  a  counter  contraction  in  the  wire,  due  to 
its  elasticity.  At  a  certain  sag,  these  two  tendencies  will  balance 
each  other  and  the  problem  is  to  determine  the  point  at  which 
this  will  occur.  In  case  the  ice  and  wind  load  is  removed,  the 
decreased  load  on  the  wire  will  allow  it  to  contract,  which  by 

decreasing  the  sag,  increases  the  stress  thus  tending  to  increase 

the  length  and  along  with  it,  the  sag.  At  a  certain  point  these, 

as  before,  will  balance  each  other.  The  problem  then  is  to  de¬ 

termine  the  unstressed  length  of  the  wire,  from  the  length  found 
for  the  wire  hanging  under  maximum  conditions;  and,  from  that, 
to  determine  the  unstressed  length  at  other  temperatures  or  under 
other  conditions.  Then,  knowing  the  unstressed  length,  the 
amount  of  stretch  and  sag  is  to  be  determined. 

While  the  mathematical  demonstration  of  the  methods  in¬ 
volved  in  solving  these  problems  would  be  of  interest  to  those  de¬ 
siring  to  make  a  study  of  these  problems,  yet  the  space  which 
would  be  required  for  such  a  demonstration  would  be  more  than 
could  be  spared  in  a  paper  of  this  kind. 

There  are  two  sets  of  tables.  The  first  is  based  on  the  func¬ 
tions  of  the  catenary,  reduced  to  a  form  suitable  for  application 
to  the  purpose  of  the  tables.  The  first  column  in  this  table  gives 
successive  values  of  the  span  multiplied  by  the  weight  per  unit 
of  length  of  the  wire,  and  divided  by  the  allowed  stress  in  the 
wire.  This  column  is  given  in  intervals  of  0.001,  which  makes 
it  possible  to  obtain  without  interpolation  results  more  accurate 
than  by  any  of  the  so-called  quick  methods.  The  second 
column  gives  the  sag,  in  fractions  of  the  span,  corresponding  to 
the  value  in  the  first  column.  The  third  column  gives  the  length 
of  wire  in  terms  of  the  span,  for  the  corresponding  value  in  the 
first  column.  The  fourth  column  gives  the  stretch  factor.  This, 
the  writer  believes,  is  the  first  attempt  to  put  in  definite  form 
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the  actual  value  of  the  stretch  factor.  While  in  the  low  values 
the  difference  between  the  actual  stretch  factor,  and  the  results 
obtained  by  assuming  the  wire  to  he  stressed  throughout  its  whole 
length  at  the  maximum  tension  occurring  at  the  points  of  support, 
is  a  negligible  quantity;  yet,  in  the  longer  spans,  this  difference 
becomes  appreciable.  If  we  neglect  the  reduction  in  weight  per 
unit  of  length  in  the  wire,  due  to  the  stretch  under  stress — which 
does  not  make  any  appreciable  difference,  within  the  limits  of 
practical  line  construction — the  total  stretch  in  the  wire  will  he 
the  arithmetical  mean  between  the  amount  of  stretch  which  would 
occur  in  a  wire  equal  in  length  to  the  catenary  curve  in  which  it 
is  hanging,  stressed  to  the  maximum  tension  which  occurs  at  the 
points  of  support;  and  the  stretch  which  would  occur  in  a  wire 
as  long  as  the  span,  stressed  to  the  tension  occurring  at  the  mid  or 
low  point  of  the  wire. 

Since  the  variation  in  the  stretch  factor  is  so  irregular  as  to 
make  direct  interpolation  rather  inaccurate  in  the  first  few  pages  of 
the  table,  there  is  introduced  the  fifth  column,  which  consists  of 
the  products  of  the  items  in  the  first  column  multiplied  by  the 
items  in  the  fourth  column.  The  differences  in  this  column  are 
so  regular  that  the  values  for  points  between  the  values  given  in 
the  table  can  be  found  very  accurately  by  direct  interpolation. 
Then,*  dividing  the  interpolated  value  by  the  value  used  in  the 
first  column,  the  resulting  quotient  would  he  a  very  accurate  inter¬ 
polation  for  the  stretch  factor.  For  example,  if  the  factor  found 
for  the  first  column  is  0.1684,  we  find  the  value  in  the  stretch  fac¬ 
tor  column  under  0.168  to  be  5.9453636,  and  under  0.169  to  he 
5.9101005.  By  direct  interpolation  for  0.1684  we  would  get 
5.9312584.  Xow  take  the  values  in  the  fifth  column.  For  0.168 
we  find  0.9988211,  and  for  0.169  we  get  0.9988070.  By  direct 
interpolation,  we  get  for  0.1684  the  value,  0.9988155.  Dividing 
this  by  0.1684,  we  get  5.9312084.  While  for  ordinary  work,  the 
difference  between  this  value  and  the  value  5.9312584,  which  was 
obtained  by  direct  interpolation,  would  not  he  sufficient  to  make 
any  material  difference  in  results;  yet,  for  very  accurate  work, 
and  for  work  on  very  small  spans  (that  is,  while  working  with 
the  first  and  second  pages  of  the  table)  it  is  worth  while  to  have 
the  more  accurate  method  for  interpolating  the  stretch  factor. 
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Those  who  have  access  to  a  Marchant  or  Munroe  machine, 
will  find  these  machines  very  handy  and  great  time  savers  in  the 
calculations  necessary,  especially  if  an  extended  series  of  cal¬ 
culations  is  being  made. 

The  second  table,  or  rather  series  of  tables,  gives  the  charac¬ 
teristics  of  the  different  wires  in  common  use.  In  these  tables, 
the  first  column  gives  the  size  of  wire;  the  second,  the  assumed 
allowable  tension  under  maximum  conditions  of  loading.  The 
first  characteristic  given  is  the  weight  per  foot  of  wire  under  as¬ 
sumed  condtions  of  maximum  loading,  divided  by  the  allowed 

w 

stress  in  the  wire,  represented  by  —  in  the  tables.  This  is  given 

.  P 

for  heavy,  medium,  and  light  loading,  as  specified  by  the  National 
Safety  Code.  The  next  characteristics  given,  are  the  weight  of 
wire  per  foot,  divided  by  the  sectional  area  of  the  wire  multiplied 

w 

by  the  modulus  of  elasticity,  or  —  .  This  is  given  for  heavy,  me- 

ac 

dium,  and  light  loading,  for  the  unloaded  wire  and  for  wire 
loaded  with  a  half -inch  coating  of  ice,  but  disregarding  wind.  This 
we  may  call  the  elastic  factor  of  the  wire. 

As  the  quickest  and  best  way  to  explain  the  operation. of  the 
tables  is  by  the  actual  solution  of  problems,  we  will  proceed  to 
show  the  methods  of  application  in  this  way.  We  will  first  ex¬ 
plain  the  more  rapid  approximate  methods  of  applying  these 
tables.  When  we  speak  of  approximate  methods,  we  are  speak¬ 
ing  only  with  relation  to  the  more  exaot  methods,  explained  later. 
As  a  matter  of  fact,  these  methods,  here  designated  as  approxi¬ 
mate,  while  they  rival  the  other  approximate  methods  in  common 
use  in  (the  speed  with  which  results  are  obtained,  will  give  results 
as  accurate  as  those  obtained  by  the  use  of  the  Thomas  chart,  and 
in  most  cases  more  accurate. 

In  these  examples,  and  in  the  tables,  the  following  designa¬ 
tions  have  been  used : 

s.  The  span  from  tower  to  tower,  in  feet. 
p.  The  allowed  or  assumed  tension  in  the  wire. 
y.  The  ordinate  in  the  Cartesian  equation  of  the  cate¬ 
nary. 
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zv.  The  loaded  weight  of  the  wire  under  assumed  maxi¬ 
mum  conditions. 

zv'.  The  dead  weight  of  the  wire,  unloaded. 
zv".  The  weight  of  the  wire,  with  one-half  inch  coating 
of  ice. 

a.  The  sectional  area  of  the  wire. 
e.  The  modulus  of  elasticity  of  the  wire. 

A  few  others  will  be  introduced  as  occasion  requires  it.. hut 
they  will  be  explained  in  the  connection  in  which  they  are  used. 

FIRST  PROBLEM 

A  medium  length  span.  Span,  800  feet.  Wire,  0000 
stranded,  hard-drawn  copper.  Loading,  heavy,  LTiited  States 
Bureau  of  Standards,  National  Safety  Code.  It  is  desired  to 
know  the  sag  under  maximum  conditions  at  zero  temperature,  and 
the  sag  of  the  unloaded  wire  at  00  degrees. 

zv 

From  the  wire  tables,  the  value  of  —  for  this  wire  is  found 

P 

to  be  0.00003282.  Then, 
szv  s 

—  —  —  =  0.0003282  X  800  =  0.26256  (call  it  0.263). 

P  y 

s 

For  —  =  0.263,  we  have  the  corresponding  sag  factor 

y 

=  0.0332134.  Sag  under  maximum  conditions  at  zero  tempera¬ 
ture  is  0.0332134  X  800  =  26.57  feet.  The  exact  method,  in 

s 

which  the  sag  factor  is  interpolated  to  correspond  to  —  =  0.26256, 

L  y 

gives  a  sag  of  26.525  feet,  thus  showing  that  the  approximate 
method  in  this  case  gives  a  result  within  one-sixth  of  one  per 
cent,  of  the  true  value. 

The  length  factor  corresponding  to  0.263  is  1.0029356. 

The  stretch  factor  from  the  sag  calculating  table  is  3.7912556 
(call  it  3.7913). 

The  elastic  factor  for  this  wire  loaded  (from  the  wire  tables) 
is  0.0000007572.  The  stretch  is  3.7913  X  0.0000007572  X  span 
(800  feet)  =  0.0022966. 
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The  unstressed  length  of  wire  is  Length  —  Stretch,  or 
1.0029356  —  0.0022966  =  1.0006390.  This  length  is  at  zero 
temperature.  To  find  the  length  at  60  degrees  we  must  add  the 
expansion  of  the  wire  for  60  degrees,  which  is  0.0000096  X  60  = 
0.000516.  The  unstressed  length  of  wire  at  60  degrees  will  be 
(1  +  0.000576)  X  1.0006390  =  1.0012154. 

The  elastic  factor  for  this  wire  unloaded  (from  the  wire 
tables)  is  0.0000002976.  This,  multiplied  by  the  span,  or 
0.0000002976  X  800  =  0.00023808.  This  multiplied  by  the  proper 
stretch  factor,  from  the  sag  calculating  tables,  and  the  result  added 
to  the  unstressed  length,  will  give  the  length  factor  corresponding 
to  that  stretch  factor.  We  can  then  tabulate  the  process  thus : 

Lhistressed  length  of  wire  . 1.0012154 

(A  glance  at  the  table  will  show  that  the  stretch 
factor  should  be  between  4  and  5,  as  4  X 
0.00023808  added  to  the  unstressed  length  would 
be  less  than  the  corresponding  length  factor,  and 
the  result  using  5  would  be  greater  than  the  cor¬ 


responding  length  factor.) 

First  multiplication.  4  X  0.00023808  . 0.0009523 

First  sum  . 1.0021677 


(As  the  stretch  factor  nearest  to  the  value  4  is 
4.0056321,  and  the  corresponding  length  factor  is 
1.00263  which  is  considerably  more  than  the  first 
sum,  it  will  be  necessary  to  add  more  to  this  sum. 
A  mental  calculation  will  show  that  0.4  would 
bring  the  length  factor  too  high,  so  we  will  use 


0.3.) 

Second  multiplication.  0.3  X  0.00023808  . 0.0000714 

Second  sum  . 1.0022391 


(As  these  fall  very  close  to  the  values  correspond- 

ing  to  —  =  0.231,  we  will  complete  the  multiplica- 
5’ 

s 

tion  for  this  value  of  — ,  which  has  a  stretch  factor 

3’ 

of  4.31933.  We  have  already  multiplied  by  4.3) 
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Third  multiplication.  0.01933  X  0.00023808  . 0.000004(5 

Third  and  final  sum  . 1.0022437 


This,  then,  is  the  unstressed  length  plus  the  product  of  the 
stretch  factor  of  the  wire  multiplied  by  the  span,  and  that  rnulti- 

s 

plied  by  the  stretch  factor  corresponding  to  the  value  0.231  for  — , 

y 

the  result  being  very  close  to  the  length  factor  corresponding  to 
0.231  for  — .  As  the  difference  between  1.0022437  and  the  length 

y 

s 

factor  for  —  =  0.231  is  about  half  the  difference  between  the 

y 

factors  for  0.231  and  0.230,  we  will  use  the  average  of  the  sag 
factor,  corresponding  to  —  =  0.230  and  0.231,  which  is  0.0290392. 

y 

This  factor  multiplied  by  800  gives  us  23.2313  for  the  sag  at  GO 
degrees  with  the  dead  weight  of  the  wire  alone  considered. 

We  would  note  that  the  sag  as  calculated  by  the  exact  method 
is  23.1760  feet,  which  shows  the  approximate  result  in  this  case 
is  within  0.24  of  one  per  cent,  of  the  true  result. 

SECOND  PROBLEM 

The  approximate  method  used  on  a  short  span.  Strange  as 
it  may  seem,  the  short  spans  are  the  hardest  to  handle  with  this 
method,  on  account  of  the  rapid  variation  in  the  stretch  factor  in 
the  first  few  pages  of  the  sag  calculating  tables.  While  the  per¬ 
centage  of  error  in  the  sag  for  short  spans  will  be  slightly  higher 
than  in  longer  spans,  as  calculated  by  the  approximate  method, 
yet  the  actual  values  are  so  small  that  the  error  is  negligible,  since 
it  is  impossible  for  men  in  the  field  to  work  so  close  to  the  figures. 

Let  us  assume  a  span  of  80  feet.  Wire  to  be  0  soft-drawn, 
solid  copper.  Heavy  loading  considered. 

Required,  to  find  the  sag  at  zero  temperature  under  maximum 
loading;  at  32  degrees  under  the  same  loading;  and  at  100  de¬ 
grees  with  unloaded  wire. 
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W 

We  find  the  value  of  —  for  0  solid,  soft-drawn  copper  for 

P 

heavy  loading  to  be  0.0008671.  Multiplying  this  by  the  span  (80 

sw 

feet)  we  get  —  =  —  =  0.069368  (call  it  0.0G9).  The  sag  factor 

y  P 

corresponding  to  0.069  is  0.0086310.  0.0086310  X  80  =  0.690, 

which  is  the  sag  at  zero  temperature  under  maximum  loading.  The 

length  factor  for  —  =  0.069  is  1.0001986.  The  stretch  factor  for 

y 

0,069  from  the  sag  calculating  table  is  14.4898775.  The  elastic 
factor  for  wire,  from  the  wire  tables,  is  0.0000012203.  Multiply¬ 
ing  these  together  and  by  the  span,  we  get  for  the  stretch, 
14.48988  X  0.0000012203  X  80  =  0.0014146.  The  unstressed 
length  of  the  wire  is  1.0001986  —  0.0014146  =  0.9987840,  at  zero 
temperature.  The  coefficient  of  expansion  for  copper  is  0.0000096 
per  degree  F.  Then  for  32  degrees  the  expansion  would 
be  0.0000096  X  32  =  0.0003072.  The  unstressed  length  of  wire  at 
32  degrees  would-be  (1  +  0.0003072)  X  0.9987840  =  0.9990908. 
Since  the  loading  conditions  are  the  same  as  at  zero,  we  use  for 
the  wire  the  same  elastic  factor  that  we  did  for  zero  temperature 
(0.0000012203).  Multiplying  this  by  the  span  (80  feet)  we  get 
0.000097624,  which  is  the  factor  to  be  multiplied  by  the  stretch 
factor  from  the  table,  to  find  the  stretch  of  the  wire  in  terms  of 
the  span. 

Proceeding  as  before: 

Unstressed  length  of  wire  . 0.9990908 

(Looking  at  the  tables,  we  notice  that  10  times 
0.000097624  added  to  the  unstressed  length,  would 
be  less  than  the  length  factor  corresponding  to  10 
in  the  stretch  factor  column — see  bottom  of  second 
sheet  of  tables— while  20  times  the  same  factor, 
added  to  the  unstressed  length,  would  give  too 
high  a  length  factor.) 

First  multiplication.  10  X  0.000091624  . 0.0009762 


First  sum 


1.0000670 
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(Inspection  shows  that  3  would  he  too  much  for 
the  second  digit,  while  2  is  a  little  under  the  re¬ 


quired  amount.) 

Second  multiplication.  2  X  0.000097624  . 0.0001953 

Second  sum  . 1.0002623 


(A  look  at  the  tables  shows  that  the  final  result 
will  come  close  to  the  values  corresponding  to 

—  =  0.082,  since  completing  the  stretch  factor 
y 

s 

for  —  ==  0.083  and  adding  to  our  length,  would 
3' 

fall  short  of  the  corresponding  length  factor,  while 
doing  the  same  for  —  =  0.081,  would  give  too 

y 

high  a  value  for  the  length.) 

Third  multiplication.  0.1917029  X  0.000097624  (mak¬ 
ing  a  total  of  12.1917029  X  0.000097624,  corre- 


sponding  to  the  stretch  factor  for  —  =  0.082) . 0.0000187 

Final  sum  . 1.0002810 


This  is  very  close  to  the  length  factor  corresponding  to 
s  s 

—  =  0.082.  The  sag  factor  for  —  =  0.082  is  0.0102601.  Multi- 

y  y 

plying  the  span  by  this  factor  gives  us  0.8208  feet,  which  is  the 
sag  at  32  degrees,  the  wire  being  loaded  with  a  one-half  inch 
coating  of  ice,  and  sustaining  an  eight-pound  wind. 

The  last  multiplication,  in  the  list  just  given,  is  really  un¬ 
necessary  in  practice,  as  inspection  would  show  after  the  second 

addition  that  the  value  of  —  is  very  close  to  0.082,  without  further 

y 

calculation. 

We  will  now  determine  the  sag  for  the  unloaded  wire  at 
100  degrees  temperature.  The  unstressed  length  of  wire  at 
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zero  =  0.9987840.  The  expansion  for  100  degrees  =  100  X 

0.0000096  =  0.00096.  The  unstressed  length  at  100  degrees  is 
(1  +  0.00096)  X  0.998740  =  0.9997428.  The  elastic  factor  of 
unloaded  wire  (0  soft-drawn,  solid  copper)  from  the  wire  tables, 
is  0.0000003217.  This  multiplied  by  the  span  (80  feet),  gives  us 


0.000025736  = - . 

ae 

Unstressed  length  at  100  degrees . 0.9997428 

First  multiplication.  10  X  0.000025736  . 0.0002574 

Second  multiplication.  6  X  0.000025736  . 0.0001544 

Third  multiplication.  0.12644  X  0.000025736  . 0.0000033 


Final  sum  (first  and  second  sums  not  noted,  having 

been  previously  explained)  . 1.0001579 


The  stretch  factor  used  then  was  the  sum  of  10,  6,  and 

s 

0.12644  =  16.12644,  or  the  stretch  factor  corresponding  to  — 

y 

=  0.062,  while  the  resultant  length  factor  comes  nearer  to  the 
value  corresponding  to  —  =  0.062,  than  to  any  other,  so  we  use 

y 

s 

the  sag  factor  corresponding  to  the  same  value  for  —  (0.0077544). 

y 

The  span  (80  feet)  being  multiplied  by  this  factor  gives  a  sag  of 
0.620  feet,  with  unloaded  wire  at  100  degrees. 

There  is  a  method,  which  is  sometimes  easier,  which  can  be 
ws 

applied  when  — -  is  less  than  0.04  X  (1  —  unstressed  length  of 

ae 

wire),  if  the  unstressed  length  of  the  wire  is  less  than  unity. 

Taking  this  same  problem,  to  find  the  sag  for  the  unloaded 
wire  at  zero  temperature.  We  have  the  unstressed  length  as  pre¬ 
viously  worked  out,  0.9987840.  Then  1  —  0.9987840  =  0.0012160. 

WS 

Also,  —  =  0.0000003217  X  80  =  0.000025736.  Dividing  0.000- 
ae 

025736  by  0.00121600  we  get  a  quotient  of  0.021165,  which  being 
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less  than  0.04  shows  that  the  method  is  applicable. 

Taking  this  quotient  (0.021165)  we  square  it  and  divide  by 
24  and  get  0.0000187.  Add  this  to  the  value,  0.0012160,  obtained 
above,  which  gives  us  0.0012347.  We  now  divide  the  value 
0.000025736  again,  this  time  by  0.0012347  and  get  a  quotient 
0.02084  (call  it  0.021),  which  is  approximately  the  required  value 
s  s 

of  — .  The  sag  factor  for  —  =  0.021,  is  0.0026251.  Span  (80 

y  y 

feet)  X  0.0026251  =  0.210  feet,  which  is  the  sag  at  zero  tempera¬ 
ture  with  unloaded  wire. 

THIRD  PROBLEM 

One  more  example  of  the  application  of  these  tables  by 
means  of  the  methods  we  have  chosen  to  designate  as  approximate, 
as  distinguished  from  the  methods  which  produce  results  as  ac¬ 
curate  as  figures  can  give. 

In  this  case  we  will  assume  a  long  span  of  4500  feet.  Wire  to 

be  X$-inch,  seven-strand,  copper-clad  steel  wire.  Heavy  loading. 

Find  the  sag  at  zero  temperature  with  maximum  load,  and 
sag  of  unloaded  wire  at  the  following  temperatures :  zero,  20  de¬ 
grees,  40  degrees,  60  degrees,  80  degrees,  and  100  degrees. 

w 

As  before,  we  look  up  the  value  of  —  for  this  wire  from  the 

P 

wire  tables,  finding  it  to  be  0.0002013.  This  multiplied  by  the 

sw  s 

span  (4500  feet)  gives  us  0.90585  as  the  value  of  —  =  — .  We 

P  -  V ' 

will  call  this  0.906. 

The  sag  factor  corresponding  to  0.906  is  0.1314139.  Multi¬ 
plying  this  by  the  span  (4500  feet)  we  get  for  the  sag  591.362 
feet.  This  is  at  zero  temperature  with  maximum  loading.  Ac¬ 
curate  calculation  of  the  sag  gives  us  a  sag  of  591.228  feet,  show¬ 
ing  that  the  approximate  result  in  this  case  is  within  1/40  of  one 
per  cent,  of  the  true  value. 

s 

The  length  factor  corresponding  to  —  =  0.906,  is  1.0446574. 

y 
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The  elastic  factor  for  —  =0.906,  is  1.0626912. 

y 

The  stretch  factor  for  wire  with  heavy  loading, 
w 

—  =  0.0000005228. 
ae 

The  stretch  =  1.0626912  ><  0.0000005228  X  span 

(4500  feet)  =  . 0.0025001 


The  unstressed  length  of  wire  equals  the  difference  1.0121573 

The  coefficient  of  expansion  for  copper-clad  steel  is  0.0000072. 

The  expansion  in  wire,  the  length  of  which  is  1.0421573,  for 
20  degrees  rise  in  temperature  is  1.0421573  X  0.0000072  X  20  = 
0.0001501. 

Adding  this  successively  to  the  length  of  wire,  we  will  have 
the  following  unstressed  length  for  the  different  temperatures : 

1.0421573  at  0  degrees. 

1.0423074  at  20  degrees. 

1.0424575  at  40  degrees. 

1.0426076  at  60  degrees. 

1.0427577  at  80  degrees. 

1.0429078  at  100  degrees. 

The  elastic  factor  for  inch,  seven-strand,  copper-clad  wire 
is  0.0000002340.  This  times  the  span  (4500  feet)  =  0.0010530. 
We  will  select  one  of  the  length  values  given  above,  from  near 
the  middle  of  the  list,  and  work  both  ways  from  it.  This  is  a 
little  more  accurate  than  to  work  from  one  end  of  the  list.  In 
this  case,  the  span  being  so  long,  it  will  not  make  any  material 
difference  which  we  take,  the  length  at  40  or  60  degrees ;  but,  if 
the  span  were  1000  feet  or  near  that,  the  length  at  40  degrees 
would  give  slightly  more  accurate  results.  For  this  reason  we 
take  the  lower  of  the  two  temperatures,  which  is  40  degrees. 

Without  explaining  each  multiplication  as  we  did  before, 


we  will  tabulate  the  results  as  follows : 

Unstressed  length  at  40  degrees  . 1.0424575 

First  multiplication.  0.0010530  X  1.0000000  . 0.0010530 


First  sum 


1.0435105 
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Second  multiplication.  0.0010530  X  0.0100000  . 0.0000137 

Second  sum  . /. . 1.0435842 

Third  multiplication.  0.0010530  X  0.0029581  . 0  0000031 

II  _ 

I  Final  sum.  Stretch  factor  =  1.0129581.  Length  =  1.0435813 

This  stretch  factor  corresponds  to  the  stretch  factor  for 

s 

I  0.i>9c>,  while  the  length  factor  is  slightly  less  than  the 

I  length  factor  for  that  value,  being  considerably  nearer  to  the  value 
!  for  O.bOS  than  for  0.89?,  so  we  will  take  the  sag  factor  for  0.898 
(=  0.1298220)  which  multiplied  by  the  span  (4500  feet)  gives 
us  a  sag  at  40  degrees,  with  unloaded  wire,  of  584.199  feet. 

To  find  the  change  in  sag  for  each  change  of  20  degrees  ill 
temperature,  we  can  figure  for  each  temperature  in  the  same  way 
as  we  did  for  40  degrees,  or  we  can  take  the  following  short  cut. 

s 

4  he  difference  between  the  stretch  factors  for  —  =  0.89?  and 

y 

0-898  is  1.0.42530  —  1.0129581  =  0.0012955,  which  multiplied  by 
the  factor  0.0010o30,  which  we  have  been  using,  gives  us  a  change 

in  stretch,  for  a  change  of  0.001  in  the  value  of  — ,  of  0.0000136. 

I  y 

As  this  is  a  negative  change,  it  works  against  the  increase  in  the 
!  corresponding  length  factor.  It  would  require  a  change  in  the 
unstressed  length  of  the  sum  of  the  negative  change  in  stretch 
and  the  positive  change  in  length  factor  to  account  for  a  change 

s 

of  °-001  in  the  value  of  — .  The  difference  in  length  factor  be- 

y 

s 

tween  the  values  0.89?  and  0.898  for  — ,  is  0.0001290.  Hence 

y 

0.0000014  +  0.0001290  (  =  0.0001304)  is  the  required  change  in 
the  unstressed  length  to  account  for  a  change  of  0.001  in  the 

value  of  — . 

y 
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We  have  seen  that  the  change  in  unstressed  length  for  a 
change  in  temperature  of  20  degrees  is  0.0001501.  Ihen 
0.0001501  -f-  0.0001304  —  1.1511.  Since  the  change  in  sag  factor 
between  these  points  is  0.0001078,  the  change  in  sag  for  each 
change  in  temperature  of  20  degrees  would  be,  0.0001978  X 
1.1511  X  the  span  (4500  feet)  =  1.025  feet.  Adding  this 
value  to  or  subtracting  it  from  the  sag  at  40  degrees,  we  get  the 
following  tabulation : 

Sag  at  0  degrees  =  582.149  feet. 

Sag  at  20  degrees  =  583.174  feet. 

Sag  at  40  degrees  =  584.199  feet. 

Sag  it  60  degrees  =  585.224  feet. 

Sag  at  80  degrees  =  586.249  feet. 

Sag  at  100  degrees  =  587.274  feet.  , 

These  results  are  more  accurate  than  those  obtainable  by  the 
Thomas  chart,  and  are  within  about  0.05  of  one  per  cent,  of  the 
true  values. 

We  would  caution  the  reader  to  use  care  in  applying  this 
last  method  of  determining  the  sags  for  several  temperatures, 
from  one  figured  temperature,  when  working  with  sags  which 
give  values  found  on  sheets  near  the  first  part  of  the  table.  For 
values  falling  in  the  first  three  sheets,  the  sag  for  each  temperature 
should  be  figured,  or  at  least  given  a  back  check.  Even  on  these 
sheets,  however,  the  error  would  not  be  as  great  as  will  occur  in 
most  of  the  approximate  methods  in  common  use. 

We  now  come  to  the  consideration  of  the  more  exact  methods 
of  applying  this  system  of  sag  calculation.  The  principal  differ¬ 
ence  between  these  methods  and  those  which  have  just  been 
described,  is  that  in  the  more  exact  methods  we  take  a  little  more 
time  to  interpolate  for  values  that  do  not  coincide  exactly  with 
the  values  given  in  the  tables.  In  addition  to  this,  we  will  de¬ 
scribe  some  variations  in  the  method  of  application,  which  are 
convenient  at  times. 

FOURTH  PROBLEM 

We  will  repeat  our  first  problem,  working  it  out  accurately 
this  time.  Span,  800  feet.  Wire,  0000  stranded,  hard-drawn 
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copper.  Heavy  loading.  Required  to  know  the  sag  at  zero 
temperature  under  maximum  conditions,  and  with  unloaded  wire 
at  GO  degrees. 

w 

As  before,  we  find  from  the  wire  tables  the  value  of  —  for 

P 

sw  s 

this  wire  to  he  0.0003282.  Then  —  =  —  =  0.0003282  X  800  = 

P  y 

0.26256.  For  the  sag  corresponding  to  this  value,  we  interpolate 
between  the  values  for  0.262  and  0.263.  The  difiference  in  the 
sag  factor  (=  0.0001289)  X  0.56  =  0.0000722.  Adding  this  to 

the  sag  factor  for  —  =  0.262,  we  have  0.0330845  -j-  0.0000722  = 

5' 

0.0331567.  This  multiplied  by  the  span  (800  feet)  gives  26.52536 
feet  as  the  sag  under  maximum  conditions  at  zero. 

Interpolating  for  the  length  factor  between  0.262  and  0.263, 
we  have  1.0029129  +  (0.56  X  0.0000227)  =  1.0029256. 

To  get  the  stretch  of  the  wire  we  will  interpolate  the  value  in 

the  ‘‘Stretch  X  — ”  column,  which  gives  us  0.9971100.  Divid- 

y 

ing  this  by  0.26256  we  get  3.7976462  as  the  stretch  factor.  The 
elastic  factor  for  this  wire,  from  the  wire  tables,  is  0.0000007  572. 
The  stretch,  then,  is  3.7976462  X  0.0000007572  X  800  = 


0.0023005. 

Unstressed  length  of  wire  at  zero  will  he  1.0029256  — 

0.0023005  =  . 1.0006251 

Unstressed  length  at  60  degrees  is  1.0006251  X  0  + 

0.0000096  X  60)  =  . 1.0012013 

First  multiplication.  4  X  0.00023808  (see  previous  cal¬ 
culation)  . 0.0009523 


First  sum  . 1.0021538 

Second  multiplication.  0.3  X  0.00023808  . 0.0000714 


Second  sum  . 1.0022252 

s 

Third  multiplication  (completing  factor  for  —  =  0.230) 
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0.0382  X  0.0002380S  . 0.0000091 

final  sum  . 1.0022343 

Y 

This  shows  that  the  value  of  —  is  between  0.229  and  0.230. 

y 

In  working  by  the  method,  which  we  will  call  our  “standard 
method,"  the  third  multiplication  and  sum  would  not  have  been 
necessary,  as  a  little  mental  calculation  would  have  been  suffi¬ 
cient  to  show  that  the  value  would  come  between  0.229  and  0.230 ; 
we  have  done  this  work,  however,  to  enable  us  to  apply  another 
method,  without  recalculation. 

First  we  will  explain  what  we  will  call  our  “standard  method,” 
since  it  is  the  easiest  for  a  beginner  in  this  system  to  grasp,  and 
for  some  time  the  easiest  to  apply.  The  writer  now  usually  uses 
another  method  which  is  explained  after  this  one. 

STANDARD  METHOD 

s 

Having  determined  the  two  values  of  — ,  between  which  the 

y 

true  value  will  come,  we  determine  the  unstressed  length  for  these 
two  values,  and  interpolate  for  the  value  of  the  unstressed  length 
of  the  wire. 

In  this  case  we  will  determine  the  unstressed  length  for 


Y 

—  =  0.229  and  for  0.230  : 

y 

Length  factor  for  0.230  . 1.0022353 

Stretch  of  wire=4.3381980  X  0.00023808  . 0.0010328 


Y 

Unstressed  length  for  —  =  0.230  is  equal  to  the 

y 

difference  . 1.0012025 

Length  of  factor  for  0.229  . 1.0022151 

Stretch  of  wire  =  4.3572264  X  0.00023808  . 0.0010374 

r 

LTistressed  length  =  difference  . 1.0011783 

Interpolation : 


Unstressed  length  for  0.230  (1.0012025)  —  length  for  0.229 
(1.0011783)  =  0.0000242. 
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Unstressed  length  at  GO  degrees  ( 1.001201."))  —  length  for 
0.229  (1.0011783)  =  0.0000232. 

Dividing  0.0000232  by  0.0000242  we  have  0.959.  The  true  value 
of  —  is  0.229959. 

y 

Sag  factor  is  factor  for  0.230  (0.0289752)  —  (0.041  X 
0.0001280)  =  0.0289700. 

Sag  at  60  degrees  is  800  feet  X  0.0289700  =  23.1760. 


ALTERNATIVE  METHOD 

We  have  seen  that  by  multiplying  the  stretch  factor  of  the 
wire  by  the  span,  and  that  by  the  stretch  factor  corresponding  to 

s 

—  =  0.230,  we  get  a  length  factor  of  1.0022343,  which  is 

y 

0.0000010  less  than  the  length  factor  corresponding  to  the  stretch 
factor  we  have  assumed.  This  length  factor  is  0.0000186  longer 

than  the  length  factor  corresponding  to  —  =  0.229,  but,  since 

y 

the  stretch  factor  for  0.229  is  0.0190284  greater  than  the  stretch 
factor  for  0.230,  we  would  have  had  a  length  factor  of  1.0022343 
-f-  (0.00023808  X  0.0190284)  =  1.0022388,  if  we  had  used  the 
stretch  factor  for  0.229.  This  is  0.0000231  more  than  the  length 
factor  for  0.229,  so  we  see  that  the  virtual  change  in  length  factor 
at  this  point  in  the  tables,  and  for  this  wire,  is  0.0000231  -j- 
0.0000010  =  0.0000241. 

This  gives  us  this  rule  for  getting  the  virtual  change  in  length 
factor  corresponding  to  any  place  in  the  table.  Multiply  the  dif- 

s 

ference  in  the  stretch  factor  between  the  two  values  of  —  hv  the 

y 

f 

elastic  factor  of  the  wire,  times  the  span  -J  =  —  \  and  add  the  re- 

I  H 

suit  to  the  difference  in  the  corresponding  length  factors.  In  the 
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case  under  consideration,  we  have  the  elastic  factor  of  the  wire 

f  to] 

multiplied  by  the  span  \  equal  to  0.00023808.  The  dififer- 

I  ac  | 

ence  in  stretch  factor  is  0.0190284,  and  the  difference  in  the  length 
factor  is  0.0000196.  (0.00023S08  X  0.0190284)  +  0.000196  = 

0.0000241. 


As  we  found  the  length  factor  to  be  0.0000010  too  short,  when 
we  used  the  stretch  factor  corresponding  to  0.230,  so  the  actual 
s  10 

value  of  — *  will  be  - ,  or  0.0415  of  0.001  less  than  0.230,  or 

y  241 


0.2299585.  This,  by  interpolation,  gives  us  a  sag  factor  of 
0.0289699,  which  multiplied  by  the  span  gives  a  sag  of  25.1759. 

There  is  a  discrepancy  of  0.0001  in  the  results  by  this  method 
and  by  the  standard  method,  but  it  would  require  a  micrometer  to 
measure  it.  The  standard  method  is  the  more  accurate  of  the 
two  methods,  if  one  is  desirous  of  obtaining  as  near  absolute  ac¬ 
curacy  as  possible. 

The  last  method  reduces  to  the  following.  Add  to  the  un¬ 
stressed  length  of  the  wire,  the  product  of  the  elastic  factor  of 


zvs) 

the  wire  multiplied  by  the  span  =  —  y,  and  that  by  the  stretch 

i  ael 

factor  (from  the  table)  which  will  come  nearest  to  giving  the 
corresponding  length  factor.  Add  the  product  to  the  difference 
in  length  factor  to  find  the  virtual  difference  in  the  length  factor 
for  that  interval.  Take  the  difference  between  the  length  factor 
obtained  in  the  first  operation,  and  the  length  factor  correspond¬ 
ing  to  the  stretch  factor  used.  Divide  this  difference  by  this  vir¬ 
tual  difference  in  the  length  factor.  Add  (or  subtract,  as  occa¬ 
sion  may  require)  this  fraction  of  0.001  to  (or  from)  the  value  of 


—  corresponding  to  the  stretch  factor  used,  and  by  interpolation 

y 

determine  the  actual  sag  factor.  This  multiplied  by  the  span  will 
give  the  sag. 

Either  of  these  methods  is  very  accurate  except  on  the  very 
low  values  of  — .  Even  here,  for  practical  work,  they  will  give 
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values  far  more  accurate  than  any  work  can  be  clone  in  the  field; 
in  fact,  even  here,  it  would  require  a  micrometer  to  measure  the 
error.  For  the  first  three  pages  of  the  table,  the  writer  would 
recommend  the  use  of  the  standard  method  in  preference  to  the 
last  method  explained. 

If  extreme  accuracy  is  desired  on  very  short  spans,  the  fol¬ 
lowing  method  can  he  used,  and  for  those  who  are  familiar  with 
Horner’s  method  of  solving  higher  power  equations,  this  method 
is  often  shorter  than  either  of  the  other  methods. 

This  method  is  applied  by  solving  the  following  equation : 
Let  L'  =  unstressed  length  of  wire. 

W  >  fw/ 

C  =  elastic  factor  of  wire  multiplied  by  span 

l ac. 

s 

x  —  value  of  —  to  be  determined. 

y 

X 3  +  Cx2  +  24  (1 —V)  X  —  24C  =  0. 

The  value  of  x,  as  found  by  this  equation,  will  be  the  value  of 

s 

—  which  we  use  to  determine  the  sag  factor.  This  ‘result  will  be 

y 

accurate  to  six  decimals  for  all  values  on  the  first  page  of  the  sag 
calculating  tables,  and  to  five  decimal  places  for  nearly  all  the 
values  on  the  second  page.  For  all  values  on  the  first  page,  the 
omission  of  the  second  term  in  the  equation,  Cx2,  will  make  no  ap¬ 
preciable  change  in  the  result. 

This  equation  is  a  simplification  of  the  real  formula  for 
finding  the  sag  directly  from  the  unstressed  length  and  the  elastic 
factor  of  the  wire.  The  real  formula  is  too  complicated  for 
practical  application  and  will  not  be  discussed  here  as  it  would  be 
of  only  academic  interest. 

Further  application  of  this  formula  can  be  made  in  the  fol¬ 
lowing  manner : 

Solve  the  problem  according  to  the  equation  given.  If  the 

value  of  —  thus  found  falls  in  the  third  page,  or  above,  of  the 
3' 

table,  then  square  the  value  of  .r  (to  the  nearest  0.001)  so  found, 
and  divide  by  24.  Subtract  this  result  from  the  length  factor 
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corresponding  to  the  value  of  —  =  x,  and  use  the  remainder  in 

y 

place  of  1  in  the  term  (1  —  L').  From  the  corrected  equation 
find  x.  This  will  give  good  results  for  the  first  five  pages  of  the 
table,  and  with  a  second  similar  correction  will  give  accurate  re¬ 
sults  into  the  seventh  page.  It  will  be  noted  that  when  the  un¬ 
stressed  length  of  the  wire  is  less  than  unity,  the  third  term  of 
the  equation  is  a  plus  quantity,  but  when  the  unstressed  length 
is  more  than  unity,  the  third  term  is  a  minus  quantity. 

One  short  illustration  will  be  given  to  show  the  operation  of 
this  method,  before  closing  this  part  of  our  discussion. 

Span,  120  feet.  Wire,  0  copper-clad  steel,  stranded.  Heavy 
loading.  Required  to  know  the  sag  at  60  degrees  with  unloaded 
wire. 

Without  giving  here  the  calculations,  which  would  only  be  a 
repetition  of  the  methods  discussed  above,  we  determine  the  un¬ 
stressed  length  of  wire  at  60  degrees  to  be  0.9980347.  The  elastic 
factor  of  the  wire  multiplied  by  the  span  is  0.000022896. 

Applying  the  formula,  L'  =  0.9980347.  (1 — L')  = 

0.0019653.  C  =  0.000022896. 

x3  +  Cx2  +  24  (1— L')  x  —  24 C  —  x3  +  0.0000229*2  + 
0.0471672*  —  0.000549504  =  0. 

x  =  0.0116168  =  — . 

y 

By  interpolation,  we  find  the  sag  factor  to  be  0.0014521,  which 
multiplied  by  the  span  (120  feet)  gives  us  a  sag  of  0.1743  feet. 

Solving  this  problem  by  the  “standard  method, ”  gives  us  a 
sag  of  0.1745  feet,  showing  that  the  error  of  the  “standard 
method”  even  on  this  short  span  is  negligible. 

All  these  calculations  are  based  on  the  supposition  that  the 
supports  at  each  end  of  the  span  are  on  the  same  level.  In  actual 
practice,  this  is  rarely  the  case,  except  where  the  supports  are 
purposely  so  designed  as  to  be  on  a  level.  Among  the  hundreds 
of  spans  which  the  writer  has  designed,  he  can  recollect  only 
one  case  where  the  supports  have  been  on  the  same  level,  except 
in  cases  such  as  we  have  mentioned. 
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Much  has  been  written  on  the  subject  of  determining  the 
sag  for  spans  where  the  supports  are  not  on  the  same  level.  The 
writer  knows  of  no  practical,  accurate  method.  The  method  here 
given  is  one  which  the  writer  has  devised,  which  he  believes  to  he 
the  easiest  to  apply  of  all  the  methods  which  he  has  investigated, 
and  which  he  considers  to  be  the  most  accurate  for  practical  ap¬ 
plication. 

Advantage  is  taken  of  a  property  of  the  common  parabola, 
which  is  very  little  mentioned  in  text-books.  In  fact,  the  writer 
had  been  using  this  method  for  several  years,  before  he  saw  this 
peculiarity  mentioned  in  any  book. 

This  property  is  illustrated  in  Fig.  19.  Stated  mathematically, 


This  segment  may  be  taken  at  any  place  in  the 


i 

These  ordinates  aire  same  as 
corresponding  ordinates  in 
central  segment. 
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'Measurements  in 


this  segment  taken  parallel  to 
measurements  in  central  segment:" 


Fig.  19.  Method  of  Calculating  Sag  in  Hillside  Spans. 


this  property  is  described  thus:  If  through  any  point  in  a  para¬ 
bola,  we  pass  a  line  parallel  to  the  principal  axis,  and  a  tangent, 
then  the  equation  of  the  parabola,  referred  to  these  lines  as 
oblique  axes,  will  be  the  same  as  the  equation  of  the  parabola  when 
referred  to  the  principal  axis  and  the  tangent  at  the  vertex,  as 
rectangular  axes.  This  shows  that  the  common  parabola  is  a 
curve  every  part  of  which  is  simply  a  distortion  of  every  other 
part. 

If  the  wire  were  to  hang  in  a  true  parabola,  then  the  method 
of  obtaining  the  true  sag,  by  taking  the  middle  ordinate  measured 
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vertically  from  the  middle  of  the  chord  to  the  arc  of  the  parabola 
(as  illustrated  in  Fig.  20)  would  be  accurate  without  any  correc¬ 


tion.  In  other  words,  all  that  is  necessary  is  to  measure  the  amount 
of  sag  required  for  the  span  measured  horizontally  the  same  as 
if  it  were  a  level  span;  this  measurement  to  be  taken  vertically 
from  the  point  of  support  on  each  tower,  and  establish  a  line 
of  sight  between  these  points.  Then  allow  the  wire  to  sag  till  it 
coincides  with  the  line  of  sight. 

Since  our  figures  are  based  on  the  assumption  that  the  curve 
is  a  catenary,  a  correction  must  be  made  in  the  sag  to  atone  for 
this  differencee. 

Let  E  =  difference  in  elevation  between  points  of  support. 

S  —  span. 

H  —  sag  for  level  span,  as  calculated  from  tables. 

H'  —  sag  as  corrected  for  sloping  span. 

W  —  weight  of  wire  per  foot,  under  maximum  condi¬ 
tions  of  loading. 

P  —  maximum  allowed  tension  in  wire. 

The  value  of  H  used  in  these  formulae  should  he  the  value 
formula : 
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Or,  in  other  words,  the  per  cent,  we  add  to  the  sag  as  figured 
for  a  level  span,  to  find  the  corrected  sag  for  the  sloping  span  is : 


50(-‘-  +  £)  . 
\4H  > 


The  value  of  H  used  in  these  formulae  should  he  the  value 
of  the  sag  under  maximum  conditions  of  loading. 

The  man  in  charge  of  stringing  the  wire  should  be  furnished 
with  a  chart  showing  the  sag  required  for  any  span  at  any  tem¬ 
perature  ;  and,  with  this  chart,  a  table  giving  the  span  between 
each  pair  of  towers,  the  difference  in  elevation,  the  per  cent,  to 
be  added  to  the  sag,  and  the  type  of  insulators  to  be  used. 

The  table  would  read  something  like  the  following  example, 
taken  from  a  table  for  a  transmission  line. 


Tower 

Span 

Difference 
in  elevation 

Per  cent,  added 

Type  of 

No. 

in  feet 

in  feet 

to  sag 

insulator 

1024 

1025 

1026 

759.90 

+  113.00 

4.36 

strain 

850.00 

-f  53.00 

1.34 

suspension 

6?6  00 

_  4?  50 

1  2? 

suspension 

1027 

1028 

1029 

1030 

1031 

516.00 

—  23.50 

0.62 

combination 

533.00 

—  84.50 

4.06 

suspension 

719.50 

—  76.50 

2.53 

suspension 

1100.50 

+  114.50 

3.19 

strain 

suspension 

There  is  another  method,  slightly  less  accurate  but  more 
easily  applied,  and  close  enough  for  practical  purposes,  and  as 
accurate  as,  if  not  more  accurate  than,  any  other  method  the 
writer  has  seen  published.  This  method  is  applied  as  follows : 

Find  the  sag  for  the  span  as  measured  horizontally.  Next 
find  the  sag  for  a  span  of  a  length  equal  to  the  actual  distance 
(measured  on  the  slope)  between  the  points  of  support.  This 
last  value  for  the  sag  will  be  tbe  greater,  since  the  span  con¬ 
sidered  is  longer. 

To  the  larger  of  these  two  sags  add  the  difference  between  the 
two,  and  use  the  sum  as  the  value  of  the  sag,  measured  vertically. 

The  table  given  the  man  in  charge  of  stringing  the  wire  would 
read  as  follows : 
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Tower 

No. 

1024 

1025 

1026 

1027 

1028 

1029 

1030 
1131 


Difference 


Span 

in  elevat 

in  feet 

in  feet 

719.5 

—  76.5 

533.0 

—  84.5 

516.0 

—  23.5 

626.0 

—  42.5 

850.0 

+  53.0 

759.9 

+  113.0 

1100.5 

+  114.5 

Slope  span 

Type  of 

in  feet 

insulator 

•*?3  6 

suspension 

539.7 

strain 

516.5 

suspension 

627  4 

suspension 

\JL*f  .T 

851.6 

combination 

768.2 

suspension 

1106.4 

suspension 

strain 

As  an  example,  take  the  span  between  towers  No.  1030  and 
No.  1031.  Suppose  the  temperature  of  the  wire  to  be  60  degrees  at 
the  time  it  is  strung.  The  chart  that  was  used  for  stringing  the 
line,  from  which  this  portion  of  the  table  is  copied,  gives  the  re¬ 
quired  sag  at  60  degrees,  for  a  span  of  1100.5  feet,  as  53.5  feet; 
while  for  a  span  of  1106. 4  feet  it  gives  54.2  feet.  The  difference 
between  these  two  values  is  0.7  of  a  foot.  This  added  to  54.2 
feet  gives  54.9  feet  as  the  sag,  measured  vertically,  which  would 
be  used  in  this  case. 

Sometimes  it  is  necesary  to  know  the  elevation  of  the  low 
point  of  the  wire.  This  is  necessary  in  getting  permits  for  cross¬ 
ing  over  rivers,  which  are  under  control  of  the  United  States 
government,  sometimes  for  railway  crossings,  and  sometimes 
where  the  nature  of  the  ground  is  such  that  sagging  by  the 
method  already  described  would  be  difficult  or  impossible. 

In  this  case,  a  resort  to  a  parabolic  formula  will  give  results 
close  enough  to  true  values  for  all  practical  purposes,  if  the  cor¬ 
rection  in  the  sag,  to  allow  for  the  difference  between  the  catenary 
and  the  parabola,  has  been  made. 

Letting  D  equal  the  elevation  of  the  lower  of  the  two  sup¬ 
ports,  we  find  the  elevation  of  the  low  point  of  the  wire,  which 
we  will  call  D',  by  the  following  formula : 


The  distance  from  the  lower  point  of  support  to  the  low 
point  of  the  wire,  horizontally,  which  we  will  call  B,  can  be  found 
as  follows : 
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The  first  of  these  two  formulae  gives  the  elevation  within 
a  small  fraction  of  one  per  cent,  in  nearly  all  cases,  but  the  sec¬ 
ond  will  vary  from  the  true  value  by  as  much  as  two  per  cent, 
and  sometimes  more.  As  the  curve  is  a  long  one,  and  the  tangent 
remains  very  close  to  the  curve  for  a  considerable  distance  on 
either  side  of  the  point  of  tangency,  the  error  in  the  second 
formula  is  of  no  serious  import,  especially  as  the  horizontal  posi¬ 
tion  of  the  low  point  changes  with  each  change  of  temperature 
or  condition  of  loading. 

The  value  of  H' ,  used  in  these  last  two  formulae,  should  be 
the  sag  as  calculated  for  the  temperature  at  which  the  elevation  is 
to  be  determined,  to  which  the  percentage  of  correction  as  de¬ 
termined  by  the  formula,  previously  given,  has  been  added.  For 
instance,  if  the  sag,  under  conditions  of  maximum  loading,  is 
105  feet,  and,  at  the  temperature  under  consideration,  is  100  feet, 
then  we  use  105  feet  as  the  value  of  H  to  determine  the  percentage 
of  correction  to  be  added,  which  let  us  assume,  amounts  to  five  per 
cent.  We  would  then  use  100  feet  five  per  cent,  or  105  feet  for 
the  value  of  H'  for  the  temperature  in  the  case  under  considera¬ 
tion. 

The  writer  does  not  claim  a  high  degree  of  accuracy  for  this 
method  of  determining  the  sag  of  wire  on  hillside  spans.  The 
catenary  is  such  a  complicated  curve  that  it  is  hardly  probable 
that  a  formula  can  be  devised  which  would  give  accurate  results 
and  at  the  same  time  be  simple  enough  to  be  workable. 

The  method  here  presented  will  give  as  accurate  results, 
the  writer  believes,  as  any  method  yet  published.  In  fact,  he 
knows  it  to  be  more  accurate  than  several  . that  have  been  published, 
and  it  is  workable,  which  is  more  than  can  be  said  of  a  number 
of  methods  which  he  has  seen  in  print. 

One  more  word  as  to  the  methods  of  applying  this  method 
in  the  field.  It  often  happens  that  the  sag  is  so  great  that  it  can 
not  be  measured  on  the  tower,  the  line  of  sight,  parallel  to  the 
line  joining  the  two  points  of  support,  in  some  cases  striking  the 
hillside  far  below  the  tower.  In  these  cases,  the  man  in  charge 
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pegs  clown  the  hill  with  his  transit  and  leveling  rod,  till  his  tele¬ 
scope  is  on  the  line  of  sight.  He  then  tilts  the  telescope  to  the 
angle  of  inclination  of  the  line  of  sight,  and  the  sagging  of  the 
wire  proceeds.  For  this  purpose,  the  field  man  should  have  his 
“Searles”*  or  other  convenient  handbook,  always  with  him. 

As  to  the  relative  economy  of  this  method,  compared  with  the 
common  method  of  calculating  the  low  point  in  the  wire  and 
sagging  the  wire  to  that  elevation,  the  method  we  have  described 
has  proved  so  much  more  economical  both  in  time  and  money  that 
there  is  no  comparison. 

One  more  method  of  determining  the  sag  might  be  mentioned  ; 
that  is,  by  a  dynamometer.  The  only  advantage  in  this  method  is 
that  it  helps  to  keep  the  dynamometer  manufacturers  and  sales¬ 
men  employed.  Aside  from  this,  the  less  said  about  that  method 
the  better,  and  the  sooner  it  is  forgotten  the  better  off  the  con¬ 
struction  companies  will  be. 

In  closing,  we  would  speak  of  the  type  of  sag  chart  that 
should  be  sent  to  the  field  to  guide  the  men  in  sagging  the  wires. 
On  any  line,  only  one  kind  of  wire  is  used  except  in  a  few  special 
cases;  and  the  writer. believes  the  best  kind  of  chart  is  one  made 
out  for  the  kind  of  wire  being  used  on  the  line  being  constructed, 
and  for  that  kind  of  wire  only.  The  writer’s  practice  is  to  plot 
the  curves  for  the  sag  of  the  wire  (at  each  10  degrees  of  tem¬ 
perature)  on  cross-section  cloth,  using  the  horizontal  measure¬ 
ments  to  represent  the  span  (usually  at  50  feet  to  the  inch)  and 
the  vertical  measurements  to  represent  the  sags  (usually  at  two 
feet  to  the  inch).  To  determine  the  sag,  it  is  only  necessary  to 
know  the  span  and  the  temperature.  Looking  at  the  chart,  one 
follows  the  line  representing  the  span  till  it  crosses  the  curve. 
Then,  following  the  line  representing  the  sag,  to  where  the  sag 
is  marked,  complete  the  operation  without  going  to  another  chart 
to  find  the  variation  for  temperature,  as  is  done  in  so  many 
systems. 

j 

A  sample  of  the  type  of  chart  used  by  the  writer  is  appended 
to  this  paper  (see  Fig.  21).  This  will  illustrate  it  so  that  we  do 
not  believe  there  is  any  further  need  of  explanation,  so  with  this 


♦Field  Engineering,  by  W.  H.  Searles,  Ed.  17,  1915.  Wiley,  New  York. 
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Pig.  21.  Standard  Sag  Chart. 
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and  the  tables  we  will  close  this  paper. 

The  writer  wishes  to  express  his  thanks  to  Mr.  C.  W.  Bonnell, 
agent  for  the  Marchant  Calculating  Machine,  for  his  kindness  in 
loaning  one  of  these  machines  to  the  writer,  thus  greatly  assisting 
in  the  work  of  calculation.  Also,  thanks  are  due  to  Mr.  P.  A. 
Young  for  his  assistance  in  checking  results,  and  Mr.  H.  E. 
Warren  for  his  assistance  in  picking  out  the  logarithms  for  the 
tables. 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 

Sag  Length  Stretch  A  ^  „ 

Factor  Diff.  Factor  Diff.  Factor  Diff.  Stretch  A 


0.000 

0.0000000 

1250 

1.00000000 

0.001 

0.0001250 

1.00000004  0004 

0.002 

0.0002500 

1250 

1.00000017  0013 

0.003 

0.0003750 

1250 

1.00000038  0021 

0.004 

0.0005000 

1250 

1.00000067  0029 

0.005 

0.0006250 

1250 

1.00000104  0037 

0.006 

0.0007500 

1250 

1.0000015 

0046 

0.007 

0.0008750 

1250 

1.0000020 

005 

0.008 

0.0010000 

1250 

1.0000027 

007 

0.009 

0.0011250 

1250 

1.0000034 

007 

0.010 

0.0012500 

1250 

1.0000042 

008 

0.011 

0.0013750 

1250 

1.0000050 

008 

0.012 

0.0015000 

1250 

1.0000060 

010 

0.013 

0.0016250 

1250 

1.0000070 

010 

0.014 

0.0017500 

1250 

1.0000082 

012 

0.015 

0.0018750 

1250 

1.0000094 

012 

0.016 

0.0020000 

1250 

1.0000107 

013 

0.017 

0.0021250 

1250 

1.0000120 

013 

0.018 

0.0022501 

1251 

1.0000135 

015 

0.019 

0.0023751 

1250 

1.0000150 

015 

0.020 

0.0025001 

1250 

1.0000167 

017 

0.021 

0.0026251 

1250 

1.0000184 

017 

0.022 

0.0027502 

1251 

1.0000202 

018 

0.023 

0.0028752 

1250 

1.0000220 

018 

0.024 

0.0030002 

1250 

1.0000240 

020 

0.025 

0.0031253 

1251 

1.0000260 

020 

0.026 

0.0032503 

1250 

1.0000282 

022 

0.027 

0.0033754 

1251 

1.0000304 

022 

0.028 

0.0035004 

1250 

1.0000327 

023 

0.029 

0.0036255 

1251 

1.0000350 

023 

0.030 

0.0037505 

1250 

1.0000375 

025 

0.031 

0.0038756 

1251 

1.0000401 

026 

0.032 

0.0040006 

1250 

1.0000427 

026 

0.033 

0.0041257 

1251 

1.0000454 

027 

0.034 

0.0042508 

1251 

1.0000482 

028 

0.035 

0.0043759 

1251 

1.0000510 

028 

0.036 

0.0045010 

1251 

1.0000540 

030 

0.037 

0.0046261 

125 1 

1.0000570 

030 

0.038 

0.0047511 

1250 

1.0000602 

032 

0.039 

0.0048762 

1251 

1.0000634 

032 

0.040 

0.0050012 

1250 

1.0000667 

033 

0.041 

0.0051263 

1251 

1.0000701 

034 

0.042 

0.0052514 

1251 

1.0000735 

034 

0.043 

0.0053765 

1251 

1.0000771 

036 

0.044 

0.0055016 

1251 

1.0000807 

036 

0.045 

0.0056267 

1251 

1.0000844 

037 

).046 

0.0057518 

1251 

1.0000882 

038 

).047 

0.0058769 

1251 

1.0000921 

039 

>.048 

0.0060020 

1251 

1.0000960 

039 

>.049 

>.050 

0.0061271 

1251 

1.0001001 

041 

0.0062523 

1252 

1.0001042 

041 

Infinite 
999.9999427 
499.9999167 
333.3332092 
249.9998333 
199.9997915 
166.6664167 
142.8568512 
124.9996688 
111.1107338 
99.9995850 
90.9086325 
83.3328333 
76.9225352 
71.4279893 
66.6660417 
62.4993344 
58.8228211 
55.5548055 
52.6307872 
49.9991672 
47.6181726 
45.4536294 
43.4773024 
41.6656666 
39.9989582 
38.4604556 
37.0359118 
35.7131194 
34.4815500 
33.3320831 
32.2567725 
31.2486669 
30.3016550 
29.4103481 
28.5699706 
27.7762773 
27.0254856 
26.3142060 
25.6394004 
24.9983332 
24.3885356 
23.8077732 
23.2540 222 
22.7254390 
22.2203467 
21.7372132 
21.2746371 
20.8313323 
20.4061211 
19.9979158 


Infinite 
500.0000260 
166.6667075 
83.3333759 
50.0000418 
33.3333748 
23.8095655 
17.8571824 
13.8889350 
11.1111488 
9.0909525 
7.5757992 
6.4102981 
5.4945459 
4.7619476 
4.1667073 
3.6765133 
3.2680156 
2.9240183 
2.6316200 
2.3809946 
2. 1645432 
1.9763270 
1.8116358 
1.6667084 
1.5385026 
1.4245438 
1.3227924 
1.2315694 
1.1494669 
1.0753106 
1.0081056 
0.9470119 
0.8913069 
0.8403775 
0.7936933 
0.7507917 
0.7112796 
0.6748056 
0.6410672 
0.6097976 
0.5807624 
0.5537510 
0.5285832 
0.5050923 
0.4831335 
0.4625761 
0.4433048 
0.4252112 
0.4082053 


1.0000000 

0.9999999 

0.6996998 

0.9999996 

0.9999993 

0.9999990 

0.9999985 

0.9999980 

0.9999973 

0.9999966 

0.9999958 

0.9999950 

0.9999940 

0.9999930 

0.9999918 

0.9999906 

0.9999893 

0.9999880 

0.9999865 

0.9999850 

0.9999833 

0.9999816 

0.9999798 

0.9999780 

0.9999760 

0.9999740 

0.9999718 

0.9999696 

0.9999673 

0.9999650 

0.9999625 

0.9999599 

0.9999573 

0.9999546 

0.9999518 

0.9999490 

0.9999460 

0.9999430 

0.9999398 

0.9999366 

0.9999333 

0.9999299 

0.9999264 

0.9999229 

0.9999193 

0.9999156 

0.9999118 

0.9999079 

0.9999040 

0.9998999 

0.9998958 


•l>» 


s=sw 

y  p 

0.050 
0.051 
0.052 
0.053 
0.054 
0.055 
0.056 
0.057 
0.058 
0.059 
0.060 
0.061 
0.062 
0 . 063 
0.064 
0.065 
0.066 
0.067 
0.063 
0.069 
0.070 
0.071 
0.072 
0.073 
0.074 
0.075 
0.076 
0.077 
0.078 
0.079 
0.080 
0.081 
0.082 
0.083 
0.084 
0.085 
0.086 
0.087 
0.088 
0.089 
0.090 
0.091 
.0.092 
0.093 
0.094 
0.095 
0.096 
0.097 
0. 098 
0.099 
0.100 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


Sag 

Factor  Diff. 


Length 

Factor  Diff. 


Stretch 

Factor 


Stretch  I 

Diff.  y 


.0062523 

.0063774 

.0065025 

.0066276 

.0067528 

.0068780 

.0070032 

.0071284 

.0072536 

.0073788 

.0075040 

.0076292 

0.0077544 

0.0078796 

0.0080048 

0.0081300 

0.0082552 

0.0083804 

0.0085057 

0.0086310 

0.0087563 

0.0038815 

0.0090068 

0.0091321 

0.0092574 

0.0093827 

0.0095080 

0.0096333 

0.0097587 

0.0098840 

0.0100094 

0.0101347 

0.0102601 

0.0103854 

0.0105108 

0.0106362 

0.0107616 

0.0108870 

0.0110124 

0.0111379 

0.0112633 

0.0113887 

0.0115142 

0.0116397 

0.0117652 

0.0118907 

0.0120162 

0.0121417 

0.0122672 

0.0123927 

0.0125183 


1251 

1251 

1251 

1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 
1252 

1252 

1253 
1253 
1253 

1252 

1253 
1253 
1253 
1253 
1253 

1253 

1254 

1253 

1254 

1253 

1254 

1253 

1254 
1254 
1254 
1254 

1254 

1255 
1254 

1254 

1255 
1255 
1255 
1255 
1255 
1255 
1255 

1255 

1256 


1.0001042 

1.0001084 

1.0001127 

1.0001171 

1.0001216 

1.0001262 

1.0001308 

1.0001355 

1.0001403 

1.0001452 

1.0001501 

1.0001552 

1.0001603 

1.0001656 

1.0001709 

1.0001763 

1.0001817 

1.0001873 

1.0001929 

1.0001986 

1.0002044 

1.0002103 

1.0002163 

1.0002224 

1.0002285 

1.0002347 

1.0002410 

1.0002474 

1.0002539 

1.0002605 

1.0002671 

1.0002738 

1.0002806 

1.0002875 

1.0002945 

1.0003016 

1.0003087 

1.0003160 

1.0003233 

1.0003307 

1.0003382 

1.0003458 

1.0003535 

1.0003612 

1.0003690 

1.0003769 

1.0003849 

1.0003930 

1.0004012 

1.0004095 

1.0004178 


042 

043 

044 

045 

046 

046 

047 

048 

049 

049 

051 

051 

053 

053 

054 

054 

056 

056 

057 

058 

059 

060 

061 

061 

062 

063 

064 

065 

066 

066 

067 

068 

069 

070 

071 

071 

073 

073 

074 

075 

076 

077 

077 

078 

079 

080 

081 

082 

083 

083 


19.9979158 

19.6057172 

19.2286017 

18.8657154 

18.5162680 

18.1795264 

17.8548092 

17.5414840 

17.2389620 

16.9466936 

16.6641655 

16.3909002 

16.1264479 

15.8703904 

15.6223328 

15.3819065 

15.1487640 

14.9225807 

14.7030479 

14.4898775 

14.2827962 

14.0815473 

13.8858876 

13.6955874 

13.5104287 

13.3302066 

13.1547262 

12.9833028 

12.8172610 

12.6549346 

12.4966647 

12.3423018 

12.1917029 

12.0447320 

11.9012595 

11.7611619 

11.6243209 

11.4906255 

11.3599671 

11.2322440 

11.1073583 

10.9852166 

10.8657293 

10.7488103 

10.6343780 

10.5223544 

10.4126633 

10.3052333 

10.1999950 

10.0968815 

9.9958298 


0.3921986 

0.3771155 

0.3628863 

0.3494474 

0.3367416 

0.3247172 

0.3133252 

0.3025220 

0.2922684 

0.2825281 

0.2732653 

0.2644523 

0.2560575 

0.2480576 

0.2404263 

0.2331425 

0.2261833 

0.2195328 

0.2131704 

0.2070813 

0.2012469 

0.1956597 

0.1903002 

0.1851587 

0.1802221 

0.1754804 

0.1709234 

0.1665418 

0.1623264 

0.1582699 

0.1543629 

0.1505989 

0.1469709 

0.1434725 

0.1400976 

0.1368410 

0.1336954 

0.1306584 

0.1277231 

0.1248857 

0.1221417 

0.1194873 

0.1169190 

0.1144323 

0.1120236 

0.1096911 

0.1074300 

0.1052383 

0.1031135 

0.1010517 


0.9998958 

0.9998916 

0.9998873 

0.9998829 

0.9998786 

0.9998739 

0.9998693 

0.9998646 

0.9998598 

0.9998549 

0.9998499 

0.9998449 

0.9998398 

0.9998346 

0.9998293 

0.9998239 

0.9998184 

0.9998129 

0.9998073 

0.9998015 

0.9997957 

0.9997899 

0.9997839 

0.9997779 

0.9997717 

0.9997655 

0.9997592 

0.9997528 

0.9997464 

0.9997398 

0.9997332 

0.9997264 

0.9997196 

0.9997128 

0.9997058 

0.9996988 

0.9996916 

0.9996844 

0.9996771 

0.9996697 

0.9996622 

0.9996547 

0.9996471 

0.9996394 

0.9996315 

0.9996237 

0.9996157 

0.9996076 

0.9995995 

0.9995913 

0.9995830 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 
JL  _  JL2L  Sag  Length  Stretch 

y  p  Factor  Diff.  Factor  Diff.  Factor  Diff. 


0.100  0.0125183 

0.101  0.0126438  1255 

0.102  0.0127694  1256 

0.103  0.0128949  1255 

0.104  0.0130205  1256 

0.105  0.0131461  1256 

0.106  0.0132717  1256 

0.107  0.0133973  1256 

0.108  0.0135230  1257 

0.109  0.0136486  1256 

0.110  0.0137743  1257 

0.111  0.0139000  1257 

0.112  0.0140257  1257 

0.113  0.0141514  ?-287 

0.114  0.0142771  J-257 

0.115  0.0144028  1257 

0.116  0.0145286  1258 

0.117  0.0146543  1257 

0.118  0.0147801  1258 

0.119  0.0149058  1257 

0.120  0.0150316  1258 

0.121  0.0151574  1288 

0.122  0.0152832  1288 

0.123  0.0154090  1258 

0.124  0.0155349  1289 

0.125  0.0156607  1288 

0.126  0.0157866  J-289 

0.127  0.0159125  1289 

0.128  0.0160384  1289 

0.129  0.0161643  1289 

0.130  0.0162902  1289 

0.131  0.0164161  1289 

0.132  0.0165421  1260 

0.133  0.0166681  1260 

0.134  0.0167941  1260 

0.135  0.0169201  1260 

0.136  0.0170461  1260 

0.137  0.0171721  1260 

0.138  0.0172982  1261 

0.139  0.0174242  J-28? 

0.140  0.0175503  1261 

0.141  0.0176764  1261 

0.142  0.0178025 

0.143  0.0179286  }261 

0.144  0.0180548  1262 

0.145  0.0181809  1261 

0.146  0.0183071  1262 

0.147  0.0184333  1262 

0.148  0.0185595  1262 

0.149  0.0186857  1262 

0.150  0.0188119  1262 


1.0004178 
1.0004262  084 

1.0004347  988 

1.0004433  086 

1.0004520  987 

1.0004608  988 

1.0004696  988 

1.0004785  989 

1.0004875  999 

1.0004966  991 

1.0005058  992 

1.0005151  993 

1.0005244  993 

1.0005339  998 

1.0005434  998 

1.0005530  996 

1.0005627  997 

1.0005725  998 

1.0005823  998 

1.0005923  199 

1.0006023  199 

1.0006124  J-9J 
1.0006226  192 
1.0006329  193 

1.0006433  ?-94 

1.0006538  *98 

1.0006643  198 

1.0006749  196 

1.0006856  197 

1.0006964  198 

1.0007073  199 

1.0007183  119 

1.0007293  119 

1.0007405  112 

1.0007517  112 

1.0007630  113 

1.0007744  114 

1.0007859  118 

1.0007975  116 

1.0008092 
1.0008209  J-17 

1.0008327 
1.0008446  Ji9 
1.0008566  J-2? 

1.0008687  J-2J 
1.0008809  122 

1.0008932  123 

1.0009056  124 

1.0009180  124 

1.0009305  125 

1.0009431  126 


9.9958298 

9.8967782 

9.7996678 

9.7044417 

9.6110474 

9.5194305 

9.4295415 

9.3413317 

9.2547547 

9.1697651 

9.0863210 

9.0043793 

8.9238996 

8.8448442 

8.7671746 

8.6908548 

8.6158508 

8.5421273 

8.4696536 

8.3983966 

8.3283271 

8.2504149 

8.1916313 

8.1249496 

8.0593427 

7.9947840 

7.9312507 

7.8687157 

7.8071589 

7.7465550 

7.6868830 

7.6281214 

7.5702490 

7.5132466 

7.4570944 

7.4017733 

7.3472652 

7.2935526 

7.2406172 

7.1884432 

7.1370138 

7.0863128 

7.0363262 

6.9870378 

6.9384334 

6.8904986 

6.8432204 

6.7965844 

6.7505784 

6.7051893 

6.6604044 


0.0990516 

0.0971104 

0.0952261 

0.0933943 

0.0916169 

0.0398890 

0.0882098 

0.0865770 

0.0849896 

0.0834441 

0.0819417 

0.0804797 

0.0790554 

0.0776696 

0.0763198 

0.0750040 

0.0737235 

0.0724737 

0.0712570 

0.0700695 

0.0689122 

0.0677836 

0.0666817 

0.0656069 

0.0645587 

0.0635333 

0.0625350 

0.0615568 

0.0606039 

0.0596720 

0.0587616 

0.0578724 

0.0570024 

0.0561522 

0.0553211 

0.0545081 

0.0537126 

0.0529354 

0.0521740 

0.0514294 

0.0507010 

0.0499866 

0.0492884 

0.0486044 

0.0479348 

0.0472782 

0.0466360 

0.0460060 

0.0453891 

0.0447849 


Stretch  X 


0.9995830 

0.9995746 

0.9995661 

0.9995575 

0.9995489 

0.9995402 

0.9995314 

0.9995225 

0.9995135 

0.9995044 

0.9994953 

0.9994861 

0.9994768 

0.9994674 

0.9994579 

0.9994483 

0.9994387 

0.9994289 

0.9994191 

0.9994092 

0.9993993 

0.9993892 

0.9993790 

0.9993688 

0.9993585 

0.9993480 

0.9993375 

0.9993269 

0.9993163 

0.9993056 

0.9992948 

0.9992839 

0.9992729 

0.9992618 

0.9992506 

0.9992394 

0.9992281 

0.9992167 

0.9992052 

0.9991936 

0.9991819 

0.9991701 

0.9991583 

0.9991464 

0.9991344 

0.9991223 

0.9991102 

0.9990979 

0.9990856 

0.9990732 

0.9990607 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


b  _  sw  Sag 
y  p  Factor  Diff. 


Length 

Stretch 

Factor  Diff. 

Factor 

Diff. 

0.150  0.0188119 

0.151  0.0189381 

0.152T  0.0190644  to** 

0.153  0.0191907  ^63 

0.154  0.0193170  to** 

0.155  0.0194433  to*; 

0.156  0.0195697  to** 

0.157  .0.0196960  to*/ 
0.158  0.0198224  to*/ 

0.159  0.0199488  to*/ 

0.160  0.0200752  to 

0.161  0.0202016  ^264 

0.162  0.0203281  to*/ 

0.163  0.0204545  to** 

0.164  0.0205810  1265 

0.165  0.0207075  to** 

0.166  0.0208340  to** 

0.167  0.0209605  t?** 

0.168  0.0210871  to** 

0.169  0.0212137  12°° 

0.170  -  0.0213403  12°° 

0.171  0.0214669  12°° 

0.172  0.0215935  12°° 

0.173  *0.0217201  to*o 
0.174  0.0218468  to*o 

0.175  0.0219735  12b? 

0.176  0.0221002  to*o 

0.177  0.0222269  to*o 

0.178  0.0223537  12°° 

0.179  0.0224805  12°° 

0.180  0.0226073  12°° 

0.181  0.0227341  12°° 

0.182  0.0228610  12°9 

0.183  0.0229878  12°° 

0.184  0.0231147  to*o 

0.185  0.0232416  to*o 

0.186  0.0233685  to*o 

0.187  0.0234954  to*o 

0.188  0.0236223  toon 

0.189  0.0237493  toon 

0.190  0.0238763  toon 

0.191  0.0240033  12 ™ 

0.192  0.0241304  12? 1 

0.193  0.0242574  too-i 

0.194  0.0243845  toon 

0.195  0.0245116  too- 

0.196  0.0246388  too? 

0.197  0.0247659  1271 

0.198  0.0248931  1272 

0.199  0.0250203  12 

0.200  0.0251475  1272 


1.0009431  lor7 
1.0009558  too 
1.0009685  too 
1.0009813  12° 

1.0009943 
1.0010074  1J1 

1.0010205  1J1 

1.0010337  1°2 

1.0010470  t*/ 

1.0010604  1°J 

1.0010739  t** 

1.0010875  1°° 

1.0011011  t*o 

1.0011148  t*p 

1.0011286  t*o 

1.0011425 
1.0011565  tJSr 
1.0011706  tlo 
1.0011848  ™ 

1.0011991  j I* 
1.0012134  t// 

1.0012278  tl* 
1.0012423 
1.0012569  tlS 
1.0012716  t/p 
1.0012864 
1.0013012  tin 
1.0013162  tin 
1.0013312  tlo 
1.0013464  tlo 
1.0013616  t** 

1.0013769  til 
1.0013923  til 
1.0014078  til 
1.0014234  til 
1.0014391  tl-! 
1.0014548  tip 
1.0014706  tlo 
1.0014865  tin 
1.0015025  til 
1.0015186  tlo 
1.0015348  t** 

1.0015511  til 
1.0015675  til 
1.0015839  til 
1.0016004  til 
1.0016170  til 
1.0016337  tip 
1.0016505  tin 
1.0016674  tin 
1.0016844  A'u 


6.6604044 

6.6162126 

6.5726010 

6.5295595 

6.4870762 

6.4451410 

6.4037424 

6.3628708 

6.3225160 

6.2826684 

6.2433183 

6.2044567 

6.1660739 

6.1281617 

6.0907113 

6.0537144 

6.0171628 

5.9810485 

5.9453636 

5.9101005 

5.8752515 

5.8408098 

5.8067680 

5.7731194 

5.7398570 

5.7069744 

5.6744647 

5.6423225 

5.6105400 

5.5791128 

5.5480341 

5.5172984 

5.4869000 

5.4568334 

5.4270932 

5.3976741 

5.3685706 

5.3397780 

5.3112912 

5.2831055 

5.2552160 

5.2276182 

5.2003075 

5.1732793 

5.1465291 

5.1200528 

5.0938464 

5.0679056 

5.0422264 

5.0168045 

4.9916372 


0.0441918 
0.0436116 
0.0430415 
0.0424833 
0.0419352 
0.0413986 
0.0408716 
0.0403548 
0.0398476 
0.0393501 
0.0388616 
0.0383828 
’ 0.0379122 
0.0374504 
0.0369969 
0.0365516 
0.0361143 
0.0356849 
0.0352631 
0.0348490 
0.0344417 
0.0340418 
0.0336486 
0.0332624 
0.0328826 
0.0325097 
0.0321422 
0.0317825 
0.0314272 
0.0310787 
0.0307357 
0.0303984 
0.0300666 
0.0297402 
0.0294191 
0.0291035 
0.0287926 
0.0284868 
0.0281857 
0.0278895 
0.0275978 
0.0273107 
0.0270282 
0.0267502 
0.0264763 
0.0262064 
0.0259408 
0.0256792 
0.0254219 
0.0251673 


Stretch  X 


0.9990607 

0.9990481 

0.9990354 

0.9990226 

0.9990097 

0.9989968 

0.9989838 

0.9989707 

0.9989575 

0.9989442 

0.9989309 

0.9989175 

0.9989040 

0.9988904 

0.9988767 

0.9988629 

0.9988490 

0.9988351 

0.9988211 

0.9988070 

0.9987928 

0.9937785 

0.9987641 

0.9987497 

0.9987351 

0.9987205 

0.9987058 

0.9986910 

0.9986761 

0.9986611 

0.9986461 

0.9986310 

0.9986158 

0.9986005 

0.9985851 

0.9985697 

0.9985541 

0.9985385 

0.9985227 

0.9985069 

0.9984910 

0.9984751 

0.9984590 

0.9984429 

0.9984266 

0.9984103 

0.9983939 

0.9983774 

0.9983608 

0.9983441 

0.9983274 
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SAG  CALCULATING  TAB Li  FOR  TRANSMISSION  LINKS 


Sag  Length  Stretch 

Factor  Diff.  Factor  Diff.  Factor 


Diff . 


).200  0.0251475  ____ 

3.201  0.0252747  "J* 

3.202  0.0254020 

3.203  0.0255293  “ZJ 

3.204  0.0256566  1273 

3.205  0.0257839  1273 

3.206  0.0259113  1*74 

3.207  0.0260387  1?™ 

3.208  0,0261661 

3.209  0.0262935  } *74 

3.210  0.0264210  J*7h 

3.211  0.0265485  tSnp 

3.212  0.0266760  1* J® 

3.213  0.0268035  127? 

3.214  0.0269311  1*;® 

).215  0.0270586  1275 

>.216  0.0271862  127® 

3.217  0.0273138  127® 

1.218  0.0274415  1277 

'.219  0.0275692  1277 

.220  0.0276969  1277 

'.221  0.0278246  1277 

.222  0.0279523  1277 

.223  0.0280801  1278 

.224  0.0282079  1278 

.225  0.0283357  1*78 

.226  0.0284635  127° 

.227  0.0285914  1*79 

.228  0.0287193  9 

.229  0.0288472  *279 

.230  0.0289752  12®° 

.231  0.0291032  tS2n 

.232  0.0292312  12°° 

.233  0.0293592  to?? 

.234  0.0294873  1281 

.235  0.0296154  1281 

.236  0.0297435  1281 

.237  0.0298716  1281 

.238  0.0299998  *282 

.239  0.0301280  l282 

.240  0.0302563  l283 

.241  0.0303845  1282 

.242  0.0305128  l283 

.243  0.0306411  i283 

.244  0.0307694  l283 

.245  0.0308978  l284 

.246  0.0310262  1284 

.247  0.0311546  1284 

.248  0.0312831  l285 

.249  0.0314116  l285 

.250  0.0315401  l285 


1.0016844 
1.0017015  I'l 
i.ooi7i86  i;i 
1.0017359  t-I? 
1.0017532  to? 
1.0017707  to? 
1.0017882  to? 
1.0018058  too 
1.0018235  |77 

1.0018413  to? 
1.0018591  to? 
1.0018771  t?n 
1,0018951  t?o 
1.0019133  too 
1.0019315  *°* 

1.0019498  to? 
1.0019682  to? 
1.0019867  to? 
1.0020053  too 
1.0020240  t?o 
1.0020427  too 
1.0020616  ton 
1.0020805  tn? 
1.0020996  ton 
1.0021187  too 
1.0021379  tn? 
1.0021572  to? 
1.0021766  tot 
1.0021961  tor 
1.0022157  tnc 
1.0022353  too 
1.0022551  too 
1.0022749 
1.0022949  2°° 

1.0023149  2°° 

1.0023351  202 
1.0023553  202 
1.0023756  *03 

1.0023960  *04 

1.0024165  205 

1.0024370  205 

1.0024577  207 

1.0024784  207 

1.0024993  209 

1.0025202  209 

1.0025413  211 

1.0025624  211 

1.0025836  212 

1.0026049  213 

1.0026263  214 

1.0026478  215 


4.9916372 

4.9667196 

4.9420481 

4.9176193 

4.8934296 

4.8694756 

4.8457534 

4.8222604 

4.7989926 

4.7759473 

4.7531207 

4.7305103 

4.7081127 

4.6859252 

4.6639444 

4.6421679 

4.6205925 

4.5992156 

4.5780344 

4.5570464 

4.5362486 

4.5156388 

4.4952141 

4.4749725 

4.4549110 

4.4350275 

4.4153195 

4.3957849 

4.3764212 

4.3572264 

4.3381980 

4.3193339 

4.3006322 

4.2820906 

4.2637070 

4.2454798 

4.2274063 

4.2094853 

4.1917138 

4.1740918 

4.1566159 

4.1392843 

4.1220958 

4.1050484 

4.0881403 

4.0713701 

4.0547358 

4.0382357 

4.0218684 

4.0056321 

3.9895256 


0.0249176 

0.0246715 

0.0244288 

0.0241897 

0.0239540 

0.0237222 

0.0234930 

0.0232678 

0.0230453 

0.0228266 

0.0226104 

0.0223976 

0.0221875 

0.0219808 

0.0217765 

0.0215754 

0.0213769 

0.0211812 

0.0209880 

0.0207978 

0.0206098 

0.0204247 

0.0202416 

0.0200615 

0.0198835 

0.0197080 

0,0195346 

0.0193637 

0.0191948 

0.0190284 

0.0188641 

0.0187017 

0.0185416 

0.0183836 

0.0182272 

0.0180735 

0.0179210 

0.0177715 

0.0176220 

0.0174759 

0.0173316 

0.0171885 

0.0170474 

0.0169081 

0.0167702 

0.0166343 

0.0165001 

0.0163673 

0.0162363 

0.0161065 


Stretch  X 


0.9983274 

0.9983106 

0.9982937 

0.9982767 

0. 9982096 

0.9982424 

0.9982252 

0.9982079 

0.9081905 

0.9981729 

0.9981553 

0.9981376 

0.9981199 

0.9981020 

0.9980841 

0.9980661 

0.9980480 

0.9980298 

0.9980115 

0.9979931 

0.9979747 

0.9979561 

0.9979375 

0.9979138 

0.9979001 

0.9978812 

0.9978622 

0.9978431 

0.9978240 

0.9978048 

0.9977855 

0.9977661 

0.9977466 

0.9977270 

0.9977074 

0.9976876 

0.9976678 

0.9976479 

0.9976279 

0.9976079 

0.9975878 

0.9975675 

0.9975472 

0.9975267 

0.9975062 

0.9974856 

0.9974650 

0.9974442 

0.9974234 

0.9974024 

0.9973814 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


S  _  8W 


y  p 


Sag 

Factor  Diff. 


Length 

Factor  Diff. 


Stretch 

Factor  Diff. 


0.250  0.0315401  ____ 

0.251  0.0316686  **°£ 

0.252  0.0317972  *~°° 

0.253  0.0319258 

0.254  0.0320544 

0.255  0.0321830 

0.256  0.0323117 

0.257  0.0324404  **°  7 

0.258  0.0325692 

0.259  0.0326980  *£°? 

0.260  0.0328268  *^°° 

0.261  0.0329556  *288 

0.262  0.0330845  *^89 

0.263  0.0332134 

0.264  0.0333423  *£°* 

0.265  0.0334712  *^89 

0.266  0.0336002  **^ 

0.267  0.0337292  ^9U 

0.268  0.0338583 

0.269  0.0339874  **** 

0.270  0.0341165 

0.271  0.0342456 

0.272  0.0343748  *^92 

0.273  0.0345040  *^92 

0.274  0.0346333  *~~ 

0.275  0.0347626  *293 

0.276  0.0348919  *293 

0.277  0.0350212  *293 

0.278  0.0351506 

0.279  0.0352800  *2^ 

0.280  0.0354094  *2^ 

0.281  0.0355389  *2^ 

0.282  0.0356684  *2^ 

0.283  0.0357979  *295 

0.284  0.0359275  *jr^ 

0.285  0.0360571  *2 

0.286  0.0361867  *2^ 

0.287  0.0363164  *2^ 

0.288  0.0364461 

0.289  0.0365758  *2^ 

0.290  0.0367056  *2^° 

0.291  0.0368354  *2^° 

0.292  0.0369653  *2^ 

0.293  0.0370952  *^ 

0.294  0.0372251  *^ 

0.295  0.0373550  **~ 

0.296  0.0374850  *J^ 

0.297  0.0376150 

0.298  0.0377451  *301 

0.299  0.0378752  *^* 

0.300  0.0380053  *'5U* 


1.0026478 
1.0026694  216 
1.0026911  217 

1.0027129  216 

1.0027347  218 
1.0027567  220 
1.0027787  220 
1.0028009  222 
1.0028231  222 
1.0028454  22C 

1.0028678  224 

1.0028903  225 

1.0029129  226 
1.0029356 
1.0029584  228 
1.0029813  229 

1.0030043  230 

1.0030274  231 
1.0030505  231 

1.0030737  232 

1.0030971  234 

1.0031206  235 

1.0031442  236 

1.0031678  236 

1.0031915  237 

1.0032153  238 

1.0032392  239 

1.0032632  24U 

1.0032873  241 

1.0033115  242 

1.0033358  243 

1.0033602  244 

1.0033846  244 

1.0034091  245 

1.0034338  247 

1.0034585  24/ 

1.0034834  249 

1.0035083  249 

1.0035334  201 
1.0035585  251 

1.0035838  253 

1.0036091  253 

1.0036346  205 

1.0036601  255 

1.0036857  25b 

1.0037114  207 

1.0037372  208 
1.0037631  209 

1.0037891  26U 

1.0038152  261 
1.0038414  262 


3.9895256 

3.9735470 

3.9576948 

3.9419677 

3.9263640 

3.9108824 

3.8955214 

3.8802796 

3.8651555 

3.8501479 

3.8352555 

3.8204768 

3.8058106 

3.7912556 

3.7768108 

3.7624744 

3.7482455 

3.7341230 

3.7201054 

3.7061916 

3.6923808 

3.6786717 

3.6650628 

3.6515535 

3.6381423 

3.6248283 

3.6116106 

3.5984880 

3.5854594 

3.5725240 

3.5596805 

3.5469284 

3.5342662 

3.5216931 

3.5092084 

3.4968109 

3.4845001 

3.4722744 

3.4601336 

3.4480763 

3.4361020 

3.4242097 

3.4123985 

3.4006676 

3.3890162 

3.3774435 

3.3659488 

3.3545310 

3.3431896 

3.3319239 

3.3207331 


0.0159786 

0.0158522 

0.0157271 

0.0156037 

0.0154816 

0.0153610 

0.0152418 

0.0151241 

0.0150076 

0.0148924 

0.0147787 

0.0146662 

0.0145550 

0.0144448 

0.0143364 

0.0142289 

0.0141225 

0.0140176 

0.0139138 

0.0138108 

0.0137091 

0.0136089 

0.0135093 

0.0134112 

0.0133140 

0.0132177 

0.0131226 

0.0130286 

0.0129354 

0.0128435 

0.0127521 

0.0126622 

0.0125731 

0.0124847 

0.0123975 

0.0123108 

0.0122257 

0.0121408 

0.0120573 

0.0119743 

0.0118923 

0.0118112 

0.0117309 

0.0116514 

0.0115727 

0.0114947 

0.0114178 

0.0113414 

0.0112657 

0.0111908 


Stretch  X 


0.9973814 

0.9973603 

0.9973391 

0.9973178 

0.9972965 

0.9972750 

0.9972535 

0.9972318 

0.9972101 

0.9971883 

0.9971664 

0.9971444 

0.9971224 

0.9971002 

0.9970780 

0.9970557 

0.9970333 

0.9970108 

0.9969882 

0.9969655 

0.9969428 

0.9969200 

0.9968971 

0.9968741 

0.9968510 

0.9968278 

0.9968045 

0.9967812 

0.9967577 

0.9967342 

0.9967106 

0.9966369 

0.9966631 

0.9966392 

0.9966152 

0.9965911 

0.9965670 

0.9965428 

0.9965185 

0.9964941 

0.9964696 

0.9964450 

0.9964204 

0.9963956 

0.9963708 

0.9963458 

0.9963208 

0.9962957 

0.9962705 

0.9962452 

0.9962199 


«C  I  CD 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


3.  =  M. 

y  p 


Sag 

Factor  Diff. 


Length 

Factor  Diff. 


Stretch 

Factor  Diff. 


Stretch  X 


0.300 

0.0380053 

1302 

0.301 

0.0381355 

0.302 

0.0382657 

1302 

0.303 

0.0383959 

1302 

0.304 

0.0385262 

1303 

0.305 

0.0386565 

1303 

0.306 

0.0387868 

1303 

0.307 

0.0389172 

1304 

0.308 

0.0390476 

1304 

0.309 

0.0391781 

1305 

0.310 

0.0393086 

1305 

0.311 

0.0394391 

1305 

0.312 

0.0395697 

1306 

0.313 

0.0397003 

1306 

0.314 

0.0398309 

1306 

0.315 

0.0399616 

1307 

0.316 

0.0400923 

1307 

0.317 

0.0402231 

1308 

0.318 

0.0403539 

1308 

0.319 

0.0404847 

1308 

0.320 

0.0406156 

1309 

0.321 

0.0407465 

1309 

0.322 

0.0408774 

1309 

0.323 

0.0410084 

1310 

0.324 

0.0411394 

1310 

0.325 

0.0412705 

1311 

0.326 

0.0414016 

1311 

0.327 

0.0415327 

1311 

0.328 

0.0416639 

1312 

0.329 

0.0417951 

1312 

0.330 

0.0419264 

1313 

0.331 

0.0420577 

1313 

0.332 

0.0421891 

1314 

0.333 

0.0423205 

1314 

0.334 

0.0424519 

1314 

0.335 

0.0425833 

1314 

0.336 

0.0427148 

1315 

0.337 

0.0428464 

1316 

0.338 

0.0429780 

1316 

0.339 

0.0431096 

1316 

0.340 

0.0432413 

1317 

0.341 

0.0433730 

1317 

0.342 

0.0435048 

1318 

0.343 

0.0436366 

1318 

0.344 

0.0437684 

1318 

0.345 

0.0439003 

1319 

0.346 

0.0440322 

1319 

0.347 

0.0441642 

1320 

0.348 

0.0442962 

1320 

0.349 

0.0444282 

1320 

0.350 

0.0445603 

1321 

1.0038414 
1.0038677  2°3 

1.0038941  264 

1.0039206  283 

1.0039472  266 

1.0039739  267 

1.0040006  267 

1.0040275  239 

1.0040544  239 

1.0040815  271 

1.0041086  271 

1.0041359  273 

1.0041632  273 

1.0041907  275 

1.0042182  273 

1.0042459  277 

1.0042736  277 

1.0043015  279 

1.0043294  279 

1.0043574  280 

1.0043855  281 

1.0044137  282 

1.0044420  283 

1.0044705  285 

1.0044990  285 

1.0045277  287 

1.0045564  287 

1.0045852  288 

1.0046141  289 

1.0046431  290 
1.0046722  291 

1.0047015  293 

1.0047308  293 

1.0047602  294 

1.0047897  295 

1.0048193  296 

1.0048490  297 

1.0048789  299 

1.0049088  299 

1.0049388  300 

1.0049689  301 

1.0049991  302 

1.0050294  303 

1.0050598  304 

1.0050903  305 

1.0051209  306 

1.0051516  307 

1.0051825  309 

1.0052134  309 

1.0052444  310 

1.0052755  311 


3.3207331 

3.3096161 

3.2985726 

3.2876017 

3.2767026 

3.2653749 

3.2551174 

3.2444298 

3.2338113 

3.2232613 

3.2127789 

3.2023639 

3.1920152 

3.1817324 

3.1715148 

3.1613619 

3.1512728 

3.1412473 

3.1312844 

3.1213837 

3.1115446 

3.1017665 

3.0920489 

3.0823913 

3.0727929 

3.0632535 

3.0537722 

3.0443486 

3.0349822 

3.0256725 

3.0164189 

3.0072212 

2.9980783 

2.9889902 

2.9799562 

2.9709760 

2.9620489 

2.9531746 

2.9443524 

2.9355821 

2.9268630 

2.9181949 

2.9095771 

2.9010094 

2.8924912 

2.8840222 

2.8756019 

2.8672299 

2.8589056 

2.8506289 

2.8423992 


0.0111170 

0.0110435 

0.0109709 

0.0108991 

0.0108277 

0.0107575 

0.0106876 

0.0106185 

0.0105500 

0.0104824 

0.0104150 

0.0103487 

0.0102828 

0.0102176 

0.0101529 

0.0100891 

0.0100255 

0.0099629 

0.0099007 

0.0098391 

0.0097781 

0.0097176 

0.0096576 

0.0095984 

0.0095394 

0.0094813 

0.0094236 

0.0093664 

0.0093097 

0.0092536 

0.0091977 

0.0091429 

0.0090881 

0.0090340 

0.0089802 

0.0089271 

0.0088743 

0.0088222 

0.0087703 

0.0087191 

0.0086681 

0.0086178 

0.0085677 

0.0085182 

0.0084690 

0.0084203 

0.0083720 

0.0083243 

0.0082767 

0.0082297 


0.9962199 

0.9961944 

0.9961639 

0.9961433 

0.9961176 

0.9960913 

0.9960659 

0.9960399 

0.9960139 

0.9959877 

0.9959615 

0.9959351 

0.9959087 

0.9953822 

0.9958556 

0.9958289 

0.9958022 

0.9957753 

0.9957484 

0.9957214 

0.9956943 

0.9956670 

0.9956397 

0.9956124 

0.9955849 

0.9955573 

0.9955297 

0.9955020 

0.9954742 

0.9954462 

0.9954182 

0.9953902 

0.9953620 

0.9953337 

0.9953054 

0.9952769 

0.9952484 

0.9952198 

0.9951911 

0.9951623 

0.9951334 

0.9951044 

0.9950754 

0.9950462 

0.9950170 

0.9949877 

0.9949583 

0.9949287 

0.9948991 

0.9948694 

0.9948397 


v<|a) 
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8  =  8j£ 

y  p 

0.350 

0.351 

0.352 

0.353 

0.354 

0.355 

0.356 

0.357 

0.358 

0.359 

0.360 

0.361 

0.362 

0.363 

0.364 

0.365 

0.366 

0.367 

0.368 

0.369 

0.370 

0.371 

0.372 

0.373 

0.374 

0.375 

0.376 

0.377 

0.378 

0.379 

0.380 

0.381 

0.382 

0.383 

0.384 

0.385 

0.386 

0.387 

0.388 

0.389 

0.390 

0.391 

0.392 

0.393 

0.394 

0.395 

0.396 

0.397 

0.398 

0.399 

0.400 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA, 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


Sag  Length  Stretch 

Factor  Diff.  Factor  Diff.  Factor  Diff. 


0.0445603 

0.0446924 

0.0448246 

0.0449568 

0.0450891 

0.0452214 

0.0453538 

0.0454862 


0.0456186 

0.0457511 

0.0458837 

0.0460163 

0.0461489 

0.0462816 

0.0464143 

0.0465471 

0.0466799 

0.0468127 

0.0469456 

0.0470785 

0.0472115 

0.0473445 

0.0474776 

0.0476107 

0.0477439 

0.0478771 

0.0480104 

0.0481437 

0.0482771 

0.0484105 

0.0485440 

0.0486775 

0.0488111 

0.0489447 

.0490783 

.0492120 

.0493458 

.0494796 

.0496134 

.0497473 

.0498812 

.0500152 

.0501493 


.0502834 

.0504176 

.0505518 

.0506860 

.0508203 

.0509546 

.0510890 

.0512235 


1321 

1322 

1322 

1323 

1323 

1324 
1324 

1324 

1325 

1326 
1326 

1326 

1327 

1327 

1328 
1328 

1328 

1329 

1329 

1330 

1330 

1331 

1331 

1332 

1332 

1333 

1333 

1334 

1334 

1335 

1335 

1336 
1336 

1336 

1337 

1338 
1338 

1338 

1339 

1339 

1340 

1341 

1341 

1342 
1342 

1342 

1343 

1343 

1344 

1345 


1.0052755 
1.0053067  ™ 

1.0053330  J-R 
1.0053695  *£*? 

1.0054010  XH 
1.0054326 
1.0054643  HL 
1.0054962  HZ 

1.0055281 

1.0055602  Hi 
1.0055923  Hi 
1.0056246  Hi 
1.0056569  Hi 
1.0056893  H% 
1.0057218  Hn 
1.0057545  Hn 
1.0057872  Hq 
1.0058201  Hn 
1.0058531  XH 
1.0058862  Hi 
1.0059193  Hi 
1.0059526  Hi 
1.0059859  Hi 
1.0060194  Hi 
1.0060530  HS 
1.0060867  Hn 
1.0061204  Hq 
1.0061543  Hn 
1.0061883  H, 
1.0062224  Hi 
1.0062566  HA 
1.0062910  Ha 
1.0063254  HI 
1.0063599  H? 
1.0063945 
1.0064293  ™ 

1.0064641  H° 
1.0064991  Hn 
1.0065341  HZ 
1.0065693  Ho 
1.0066045  Hi 
1.0066399 
1.0066753  HI 
1.0067109  Hn 
1.0067466  Hi 
1.0067824  Ho 
1.0068183  Hn 
1.0068543 
1.0068904  Hi 
1.0069267  ^ 

1.0069630 


2.8423992 

2.8342161 

2.8260792 

2.8179883 

2.3099428 

2.3019423 

2.7939864 

2.7860751 

2*7782076 

2.7703838 

2.7626030 

2.7548653 

2.7471698 

2.7395166 

2.7319052 

2.7243354 

2.7168065 

2.7093186 

2.7018711 

2.6944637 

2.6870960 

2.6797679 

2.6724788 

2.6652287 

2.6580171 

8.6508437 

2.6437081 

2.6366102 

2.6295496 

2.6225261 

2.6155393 

2.6085891 

2.6016748 

2.5947964 

2.5879537 

2.5811463 

2.5743739 

2.5676363 

2.5609331 

2.5542643 

2.5476292 

2.5410281 

2.5344602 

2.5279256 

2.5214240 

2.5149550 

2.5085184 

2.5021142 

2.4957418 

2.4894012 

2.4830920 


0.0081831 

0.0081369 

0.0080909 

0.0080455 

0.0080005 

0.0079559 

0.0079113 

0.0078675 

0.0078238 

0.0077808 

0.0077377 

0.0076955 

0.0076532 

0.0076114 

0.0075698 

0.0075289 

0.0074879 

0.0074475 

0.0074074 

0.0073677 

0.0073281 

0.0072891 

0.0072501 

0.0072116 

0.0071734 

0.0071356 

0.0070979 

0.0070606 

0.0070235 

0.0069868 

0.0069502 

0.0069143 

0.0068784 

0.0068427 

0.0068074 

0.0067724 

0.0067376 

0.0067032 

0.0066688 

0.0066351 

0.0066011 

0.0065679 

0.0065346 

0.0065016 

0.0064690 

0.0064366 

0.0064042 

0.0063724 

0.0063406 

0.0063092 


[Nov. 


Stretch  X 


0.9948397 

0.9948098 

0.9947799 

0.9947499 

0.9947198 

0.9946895 

0.9946592 

0.9946288 

0.9945983 

0.9945677 

0.9945371 

0.9945063 

0.9944755 

0.9944445 

0.9944135 

0.9943824 

0.9943512 

0.9943199 

0.9942886 

0.9942571 

0.9942255 

0.9941939 

0.9941621 

0.9941303 

0.9940984 

0.9940644 

0.9940342 

0.9940020 

0.9939697 

0.9939374 

0.9939049 

0.9938724 

0.9938398 

0.9938070 

0.9937742 

0.9937413 

0.9937083 

0.9936752 

0.9936420 

0.9936088 

0.9935754 

0.9935420 

0.9935084 

0.9934748 

0.9934411 

0.9934072 

0.9933733 

0.9933393 

0.9933052 

0.9932710 

0.9932368 
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MARTIN — TRANSMISSION  LINE  CONSTRUCTION 


389 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 

_  1*  Sag  Length  Stretch 

p  Factor  Diff.  Factor  Diff.  Factor  Diff. 


5.400 

0.0512235 

1345 

5.401 

0.0513580 

5.402 

0.0514925 

1345 

5.403 

0.0516271 

1346 

5.404 

0.0517618 

1347 

5.405 

0.0518965 

1347 

5.406 

0.0520313 

1348 

5.407 

0.0521661 

1348 

.408 

0.0523010 

1349 

.409 

0.0524359 

1349 

.410 

0.0525709 

1350 

.411 

0.0527059 

1350 

.412 

0.0528410 

1351 

.413 

0.0529761 

1351 

.414 

0.0531113 

1352 

.415 

0.0532465 

1352 

.416 

0.0533818 

1353 

.417 

0.0535172 

1354 

.418 

0.0536526 

1354 

.419 

0.0537881 

1355 

.420 

0.0539236 

1355 

.421 

0.0540591 

1355 

.422 

0.0541947 

1356 

.423 

0.0543304 

1357 

.424 

0.0544661 

1357 

.425 

0.0546019 

1358 

.426 

0.0547377 

1358 

.427 

0.0548736 

1359 

.428 

0.0550096 

1360 

.429 

0.0551456 

1360 

.430 

0.0552817 

1361 

.431 

0.0554178 

1361 

.432 

0.0555540 

1362 

.433 

0.0556902 

1362 

.434 

0.0558265 

1363 

.435 

0.0559629 

1364 

.436 

0.0560993 

1364 

.437 

0.0562358 

1365 

.438 

0.0563723 

1365 

.439 

0.0565089 

1366 

.440 

0.0566455 

1366 

.441 

0.0567822 

1367 

.442 

0.0569190 

1368 

.443 

0.0570558 

1368 

.444 

0.0571927 

1369 

•  445 

0.0573296 

1369 

.446 

0.0574666 

1370 

.447 

0.0576037 

1371 

.448 

0.0577408 

1371 

.449 

0.0578780 

1372 

.450 

0.0580152 

1372 

1.0069630 
1.0069995  383 

1.0070360  383 

1.0070727  387 

1.0071094  387 

1.0071463  389 

1.0071832  389 

1.0072203  3;J 

1.0072575  372 

1.0072948  373 

1.0073322  374 

1.0073698  376 

1.0074074  378 

1.0074452  378 

1.0074830  378 

1.0075210  380 

1.0075590  38° 

1.0075972  3f2 

1.0076355  383 

1.0076739  384 

1.0077124  383 

1.0077510  386 

1.0077897  387 

1.0078286  389 

1.0078675  389 

1.0079066  391 

1.0079457  391 

1.0079850  393 

1.0080244  394 

1.0080640  396 

1.0081036  398 

1.0081433  397 

1.0081831  398 

1.0082231  400 

1.0082631  4°° 

1.0083033  4?2 

1.0083436  493 

1.0083840  4°4 

1.0084245  483 

1.0084652  497 

1.0085059  487 

1.0085468  409 

1.0085878  4t? 

1.0086289  4^J 

1.0086701  412 

1.0087114  4J*3 

1.0087528  4J-4 

1.0087943  413 

1.0088360  417 

1.0088778  418 

1.0089197  419 


2.4830920 

2.4768141 

2.4705672 

2.4643511 

2.4581654 

2.4520101 

2.4458848 

2.4397896 

2.4337239 

2.4276876 

2.4216806 

2.4157028 

2.4097535 

2.4038329 

2.3979407 

2.3920766 

2.3862406 

2.3804322 

2.3746515 

2.3688982 

2.3631720 

2.3574728 

2.3518004 

2.3461546 

2.3405352 

2.3349420 

2.3293749 

2.3238337 

2.3183181 

2.3128280 

2.3073633 

2.3019236 

2.2965090 

2.2911192 

2.2857540 

2.2804132 

2.2750967 

2.2698044 

2.2645360 

2.2592914 

2.2540703 

2.2488728 

2.2436986 

2.2385476 

2.2334195 

2.2283143 

2.2232317 

2.2181718 

2.2131341 

2.2081186 

2.2031254 


0.0062779 

0.0062469 

0.0062161 

0.0061857 

0.0061553 

0.0061253 

0.0060952 

0.0060657 

0.0060363 

0.0060070 

0.0059778 

0.0059493 

0.0059206 

0.0058922 

0.0058641 

0.0058360 

0.0058084 

0.0057807 

0.0057533 

0.0057262 

0.0056992 

0.0056724 

0.0056458 

0.0056194 

0.0055932 

0.0055671 

0.0055412 

0.0055156 

0.0054901 

0.0054647 

0.0054397 

0.0054146 

0.0053898 

0.0053652 

0.0053408 

0.0053165 

0.0052923 

0.0052684 

0.0052446 

0.0052211 

0.0051975 

0.0051742 

0.0051510 

0.0051281 

0.0051052 

0.0050826 

0.0050599 

0.0050377 

0.0050155 

0.0049932 


Stretch  X 


0.9932368 

0.9932024 

0.9931680 

0.9931335 

0.9930988 

0.9930641 

0.9930292 

0.9929943 

0.9929593 

0.9929242 

0.9928890 

0.9928538 

0.9928184 

0.9927830 

0.9927474 

0.9927118 

0.9926761 

0.9926403 

0.9926044 

0.9925684 

0.9925323 

0.9924961 

0.9924598 

0.9924234 

0.9923869 

0.9923504 

0.9923137 

0.9922770 

0.9922401 

0.9922032 

0.9921662 

0.9921291 

0.9920919 

0.9920546 

0.9920172 

0.9919797 

0.9919421 

0.9919045 

0.9918667 

0.9918289 

0.9917909 

0.9917529 

0.9917148 

0.9916766 

0.9916383 

0.9915999 

0.9915614 

0.9915228 

0.9914841 

0.9914453 

0.9914064 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


£  sw  Sag 
y  p  Factor  Diff. 


Length  Stretch 

Factor  Diff.  Factor 


Diff, 


0.450 

0.0580152 

0.451 

0.0581525 

0.452 

0.0582899 

0.453 

0.0584273 

0.454 

0.0585648 

0.455 

0.0587023 

0.456 

0.0538399 

0.457 

0.0589776 

0.453 

0.0591153 

0.459 

0.0592531 

0.460 

0.0593910 

0.461 

0.0595289 

0.462 

0.0596669 

0.463 

0.0598049 

0.464 

0.0599430 

0.465 

0.0600812 

0.466 

0.0602194 

0.467 

0.0603577 

0.468 

0.0604960 

0.469 

0.0606344 

0.470 

0.0607729 

0.471 

0.0609115 

0.472 

0.0610501 

0.473 

0.0611888 

0.474 

0.0613275 

0.475 

0.0614663 

0.476 

0.0616052 

0.477 

0.0617441 

0.478 

0.0618831 

0.479 

0.0620222 

0.480 

0.0621613 

0.481 

0.0623005 

0.482 

0.0624398 

0.483 

0.0625792 

0.484 

0.0627186 

0.485 

0.0628581 

0.486 

0.0629976 

0.487 

0.0631372 

0.488 

0.0632769 

0.489 

0.0634166 

0.490 

0.0635564 

0.491 

0.0636963 

0.492 

0.0638362 

0.493 

0.0639762 

0.494 

0.0641163 

0.495 

0.0642565 

0.496 

0.0643967 

0.497 

.0.0645370 

0.498 

0.0646774 

0.499 

0.0648178 

0.600 

0.0649583 

1373 

1374 

1374 

1375 

1375 

1376 

1377 

1377 

1378 

1379 

1379 

1380 

1380 

1381 

1382 

1382 

1383 

1383 

1384 

1385 

1386 

1386 

1387 

1387 

1388 

1389 

1389 

1390 

1391 

1391 

1392 

1393 

1394 

1394 

1395 

1395 

1396 

1397 

1397 

1398 

1399 

1399 

1400 

1401 

1402 

1402 

1403 

1404 

1404 

1405 


1.0089197 

1.0089617 

1.0090038 

1.0090460 

1.0090884 

1.0091309 

1.0091735 

1.0092162 

1.0092590 

1.0093019 

1.0093450 

1.0093881 

1.0094314 

1.0094748 

1.0095184 

1.0095620 

1.0096058 

1.0096496 

1.0096936 

1.0097377 

1.0097820 

1.0098263 

1.0098708 

1.0099154 

1.0099601 

1.0100049 

1.0100499 

1.0100949 

1.0101401 

1.0101854 

1.0102308 

1.0102763 

1.0103220 

1.0103678 

1.0104138 

1.0104598 

1.0105059 

1.0105522 

1.0105986 

1.0106451 

1.0106918 

1.0107385 

1.0107854 

1.0108324 

1.0108796 

1.0109268 

1.0109742 

1.0110217 

1.0110693 

1.0111171 

1.0111650 


420 

421 

422 

424 

425 

426 

427 

428 

429 
431 
431 

433 

434 
436 
436 
438 
438 

440 

441 
443 
443 

445 

446 

447 

448 
450 
450 

452 

453 

454 

455 

457 

458 
460 

460 

461 

463 

464 

465 
467 
467 

469 

470 
472 
472 

474 

475 

476 

478 

479 


2.2031254 

2.1981540 

2.1932044 

2.1882765 

2.1933701 

2.1784850 

2.1736212 

2.1687784 

2.1639565 

2.1591556 

2.1543752 

2.1496153 

2.1448759 

2.1401567 

2.1354578 

2.1307787 

2.1261196 

2.1214802 

2.1168605 

2.1122603 

2.1076795 

2.1031179 

2.0985754 

2.0940520 

2.0895473 

2.0850616 

2.0805944 

2.0761457 

2.0717154 

2.0673035 

2.0629098 

2.0585341 

2.0541764 

2.0498366 

2.0455145 

2.0412100 

2.0369229 

2.0326534 

2.0284011 

2.0241660 

2.0199481 

2.0157471 

2.0115630 

2.0073957 

2.0032451 

1.9991110 

1.9949934 

1.9908922 

1.9868072 

1.9827385 

1.9786858 


0.0049714 

0.0049496 

0.0049279 

0.0049064 

0.0048851 

0.0048638 

0.0048428 

0.0048219 

0.0048009 

0.0047804 

0.0047599 

0.0047394 

0.0047192 

0.0046989 

0.0046791 

0.0046591 

0.0046394 

0.0046197 

0.0046002 

0.0045808 

0.0045616 

0.0045425 

0.0045234 

0.0045047 

0.0044857 

0.0044672 

0.0044487 

0.0044303 

0.0044119 

0.0043937 

0.0043757 

0.0043577 

0.0043398 

0.0043221 

0.0043045 

0.0042871 

0.0042695 

0.0042523 

0.0042351 

0.0042179 

0.0042010 

0.0041841 

0.0041673 

0.0041506 

>0.0041341 

0.0041176 

0.0041012 

0.0040850 

0.0040687 

0.0040527 


Stretch  X 


0.9914064 

0.9913674 

0.9913284 

0.9912892 

0.9912500 

0.9912107 

0.9911713 

0.9911317 

0.9910921 

0.9910524 

0.9910126 

0.9909727 

0.9909327 

0.9908926 

0.9908524 

0.9908121 

0.9907717 

0.9907313 

0.9906907 

0.9906501 

0.9906094 

0.9905685 

0.9905276 

0.9904866 

0.9904454 

0.9904042 

0.9903629 

0.9903215 

0.9902800 

0.9902384 

0.9901967 

0.9901549 

0.9901130 

0.9900710 

0.9900290 

0.9899868 

0.9899445 

0.9899022 

0.9898597 

0.9898172 

0.9897746 

0.9897318 

0.9896890 

0.9896461 

0.9896031 

0.9895599 

0.9895167 

0.9894734 

0.9894300 

0.9893865 

0.9893429 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 

b  .gw  Sag  Length  Stretch 

r  p  Factor  Diff.  Factor  Diff.  Factor  Diff. 


0.500 

0.501 

0.502 

0.503 

0.504 

0.505 

0.506 

0.507 

0.508 

0.509 

0.510 

0.511 

0.512 

0.513 

0.514 

0.515 

0.516 

0.517 

0.518 


0.519 


0.520 

0.521 

0.522 

0.523 

0.524 

0.525 

0.526 

0.527 

0.528 

0.529 

0.530 

0.531 

0.532 

0.533 

0.534 

0.535 

0.536 

0.537 

0.538 

0.539 


0.540 

0.541 


0.! 

0.! 


0.! 

).! 

).! 

).! 

).! 

).! 

).! 


0.0649583 

0.0650989 

0.0652395 

0.0653802 

0.0655210 

0.0656619 

0.0658028 

0.0659438 

0.0660849 

0.0662261 

0.0663673 

0.0665086 

0.0666500 

0.0667915 

0.0669330 

0.0670746 

0.0672162 

0.0673580 

0.0674998 

0.0676417 

0.0677836 

0.0679257 

0.0680678 

0.0682100 

0.0683522 

0.0684946 

0.0686370 

0.0687795 

0.0689220 

0.0690647 

0.0692074 

0.0693502 

0.0694930 

0.0696360 

0.0697790 

0.0699221 

0.0700653 

0.0702086 

0.0703520 

0.0704954 

0.0706389 

0.0707825 

0.0709262 

0.0710700 

0.0712138 

0.0713577 

0.0715017 

0.0716458 

0.0717899 

0.0719342 

0.0720785 


14  06 

1406 

1407 

1408 
14  09 
14  09 

1410 

1411 

1412 

1412 

1413 

1414 

1415 

1415 

1416 
1416 
1418 

1418 

1419 
1419 
1421 

1421 

1422 
1422 
1424 

1424 

1425 
1425 
1427 

1427 

1428 
1428 
1430 

1430 

1431 

1432 

1433 

1434 

1434 

1435 

1436 

1437 

1438 

1438 

1439 

1440 

1441 
1441 
1443 
1443 


1.0111650 

1.0112130 

1.0112611 

1.0113093 

1.0113577 

1.0114062 

1.0114549 

1.0115036 

1.0115525 

1.0116015 

1.0116507 

1.0116999 

1.0117493 

1.0117988 

1.0118485 

1.0118982 

1.0119481 

1.0119981 

1.0120483 

1.0120586 

1.0121490 

1.0121995 

1.0122502 

1.0123010 

1.0123519 

1.0124030 

1.0124542 

1.0125055 

1.0125570 

1.0126086 

1.0126603 

1.0127121 

1.0127641 

1.0128162 

1.0128684 

1.0129208 

1.0129733 

1.0130259 

1.0130787 

1.0131316 

1.0131846 

1.0132378 

1.0132911 

1.0133445 

1.0133981 

1.0134518 

1.0135057 

1.0135596 

1.0136137 

1.0136680 

1.0137224 


480 

481 

482 

484 

485 
487 
487 

489 

490 
492 
452 
4S4 
495 
497 
497 

499 

500 

502 

503 

504 

505 

507 

508 

509 

511 

512 

513 

515 

516 

517 

518 

520 

521 

522 

524 

525 

526 

528 

529 

530 

532 

533 

534 

536 

537 
539 
539 
541 

543 

544 


1.9786858 
1.9746492 
1.9706284 
1.9666233 
1.9626340 
1.9586604 
1.9547023 
1.9507595 
1 .9468321 
1.9429199 
1,9390229 
1.9351409 
1.9312739 
1.9274218 
1.9236846 
lo9197620 
1.9159540 
1.9121606 
1.9083817 
1.9046171 
1.9008669 
1.8971307 
1.8934089 
1.8897009 
1.8860070 
1.8823270 
1.8786608 
1.3750083 
1.8713695 
1.8677442 
1.8641324 
1.8605341 
1.8569491 
1.8533773 
1.8498188 
1.8462734 
1.8427410 
1.8392215 
1.8357150 
1.8322214 
1.8287404 
1.8252721 
1.8218165 
1.8183734 
1.8149428 
1.8115247 
1.8081188 
1.8047252 
1.8013438 
1.7979745 
1.7946175 


0.0C40366 

0.0040208 

0.0040051 

0.0039893 

0.0039736 

0.0039581 

0.0039428 

0.0039274 

0.0039122 

0.0038970 

0.0036820 

0.0038670 

0.0038521 

0.0038372 

0.0038226 

0.C038080 

0.0037934 

0.0037789 

0.0037646 

0.0037502 

0.0037362 

0.0037218 

0.0037080 

0.0036939 

0.0036800 

0.0036662 

0.0036525 

0.0036388 

0.0036253 

0.0036118 

0.0035983 

0.0035850 

0.0035718 

0.0035585 

0.0035454 

0.0035324 

0.0035195 

0.0035065 

0.0034936 

0.0034810 

0.0034683 

0.0034556 

0.0034431 

0.0034306 

0.0034181 

0.0034059 

0.0033936 

0.0033814 

0.0033693 

0.0033570 


301 


Stretch  X 

0.9893429 

0.9892992 

0.9392554 

0.9892115 

0.9393676 

0.9891235 

0.9890793 

0.9890350 

0.9839907 

0.9389462 

0.9839017 

0.9888570 

0.9888122 

0.9887674 

0.9887225 

0.9886774 

0.9886323 

0.9885870 

0.9885417 

0.9884963 

0.9884508 

0.9834051 

0.9883594 

0.9883136 

0.9882677 

0.9882217 

0.9881756 

0.9881294 

0.9880831 

0.9880367 

0.9879902 

0.9879436 

0.9878969 

0.9878501 

0.9878032 

0.9877562 

0.9877091 

0.9876619 

0.9876146 

0.9875672 

0.9875198 

0.9874722 

0.9874245 

0.9873767 

0.9873289 

0.9872809 

0.9872329 

0.9871847 

0.9871364 

0.9870880 

0.9870396 
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PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA, 


[Nov. 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


B  _  BW 

y  "  p 


Sag 

Factor  Diff. 


Length  Stretch 

Factor  Diff.  Factor 


Diff. 


0.550  0.0720785  .... 

0.551  0.0722229 

0.552  0.0723674 

0.553  0.0725120 

0.554  0.0726566 

0.555  0.0728014 

0.556  0.0729462 

0.557  0.0730911 

0.558  0.0732361 

0.559  0.0733812 

0.560  0.0735263 

0.561  0.0736716 

0.562  0.0738169  JJ®® 

0.563  0.0739623  *7®? 

0.564  0. 0741078 

0.565  0.0742534 

0.566  0.0743991 

0.567  0.0745449  JJ®? 

0.568  0.0746907  ^®® 

0.569  0.0748366  *J®* 

0.570  0.0749826  *}®® 

0.571  0.0751287 

0.572  0.0752749 

0.573  0.0754212  **®® 

0.574  0.0755676 

0.575  0.0757141  *J®® 

0.576  0.0758606  JJ®® 

0.577  0.0760073  *J®' 

0.578  0.0761540  *J®' 

0.579  0.0763008 

0.580  0.0764477 

0.531  0.0765947 

0.582  0.0767418 

0.583  0.0768890 

0.584  0.0770363 

0.585  0.0771837 

0.586  0.0773311 

0.587  0.0774787  **'® 

0.588  0.0776263  1J'® 

0.589  0.0777741  (T'° 

0.590  0.0779219 

0.591  0.0780698 

0.592  0.0782178 

0.593  0.0783659  *7°i 

0.594  0.0785141 

0.595  0.0786624 

0.596  0.0788108 

0.597  0.0789593  i*®® 

0.598  0.0791079  fjg® 

0.599  0.0792566 

0.600  0.0794054  ■L*°° 


1.0137224 

1.0137769 

1.0138315 

1.0138863 

1.0139413 

1.0139963 

1.0140515 

1.0141069 

1.0141624 

1.0142180 

1.0142737 

1.0143296 

1.0143857 

1.0144418 

1.0144981 

1.0145546 

1.0146112 

1.0146679 

1.0147248 

1.0147818 

1.0148390 

1.0148963 

1.0149537 

1.0150113 

1.0150690 

1.0151269 

1.0151849 

1.0152430 

1.0153013 

1,0153597 

1.0154183 

1.0154770 

1.0155359 

1.0155949 

1.0156541 

1.0157134 

1.0157728 

1.0158324 

1.0158922 

1.0159521 

1.0160121 

1.0160723 

1.0161326 

1.0161931 

1.0162537 

1.0163145 

1.0163754 

1.0164365 

1.0164977 

1.0165591 

1.0166206 


545 

546 
548 
550 
550 
552 

554 

555 

556 

557 
559 
561 
561 
563 

565 

566 

567 

569 

570 

572 

573 

574 

576 

577 

579 

580 

581 

583 

584 

586 

587 

589 

590 

592 

593 

594 
596 

598 

599 

600 
602 
603 

605 

606 
608 
609 
611 
612 

614 

615 


1.7946175 

1.7912723 

1.7879391 

1.7846177 

1.7813082 

1.7780104 

1.7747243 

1,7714498 

1.7681869 

1.7649355 

1.7616955 

1.7584669 

1.7552496 

1.7520436 

1.7488487 

1.7456650 

1.7424923 

1.7393307 

1.7361800 

1.7330402 

1.7299113 

1.7267931 

1.7236857 

1.7205889 

1.7175028 

1.7144272 

1.7113621 

1.7083074 

1.7052632 

1.7022293 

1.6992057 

1.6961923 

1.6931891 

1.6901961 

1.6872131 

1.6842402 

1.6812772 

1.6783241 

1.6753809 

1.6724475 

1.6695239 

1.6666100 

1.6637058 

1.6608112 

1.6579262 

1.6550507 

1.6521847 

1.6493281 

1.6464809 

1.6436430 

1.6408145 


0.0033452 

0.0033332 

0.0033214 

0.0033095 

0.0032978 

0.0032861 

0.0032745 

0.0032629 

0.0032514 

0.0032400 

0.0032286 

0.0032173 

0.0032060 

0.0031949 

0.0031837 

0.0031727 

0.0031616 

0.0031507 

0.0031398 

0.0031289 

0.0031182 

0.0031074 

0.0030968 

0.0030861 

0.0030756 

0.0030651 

0.0030547 

0.0030442 

0.0030339 

0.0030236 

0.0030134 

0.0030032 

0.0029930 

0.0029830 

0.0029729 

0.0029630 

0.0029531 

0.0029432 

0.0029334 

0.0029236 

0.0029139 

0.0029042 

0.0028946 

0.0028850 

0.0028755 

0.0028660 

0.0028566 

0.0028472 

0.0028379 

0.0028285 


Stretch  X  - 

0.9870396 

0.9869910 

0.9869424 

0.9868936 

0.9868447 

0.S867957 

0.9867467 

0.9866975 

0.9866483 

0.9865989 

0.9865495 

0.9864999 

0.9864503 

0.9864005 

0.9863507 

0.9863007 

0.9862507 

0.9862005 

0.9861503 

0.9860999 

0.9860494 

0.9359988 

0.9859482 

0.9858974 

0.9858466 

0.9857956 

0.9857446 

0.9856934 

0.9856421 

0.9855908 

0.9855393 

0.9854877 

0.9854361 

0.9853843 

0.9853325 

0.9852805 

0.9852284 

0.9851762 

0.9851240 

0.9850716 

0.9850191 

0.9849665 

0.9849138 

0.9848610 

0.9848082 

0.9847552 

0.9847021 

0.9846485 

0.9845956 

0.9845422 

0.9844887 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LUCES 


i  e  SIL  Sag  Length  Stretch 

y  p  Factor  Diff.  Factor  Dlff.  Factor  Diff. 


0.600  0.0794054  _.QO 

0.601  0.0795543  rf89 

0.602  0.0797032 

0.603  0.0798523 

0.604  0.0800014 

0.605  0.0801507  tTnl 

0.606  0.0803001  J-’9’ 

0.607  0.0804496  |;93 

0.608  0.0805991 

0.609  0.0807488  J-;97 

0.610  0.0808985  ^T9' 

0.611  0.0810484 

0.612  0.0811983 

0.613  0.0813484 

0.614  0.0814985 

0.615  0.0816488  J-383 

0.616  0.0817991  ~3°3 

0.617  0.0819496 

0.618  0.0821001 
0.619  0.0822508 

0.620  0.0824015 

0.621  0.0825524  j-™ 

0.622  0*0627033  *3?9 

0.623  0.0828544 

0.624  0.0830056 

0.625  0.0831569 

0,626  0.0833083 

0.627  0.0834598 

0.628  0.0836114 

0.629  0.0837632 

0.630  0.0839150 

0.631  0.0840669 

0.632  0.0842188 

0.633  0.0843709  1321 

0.634  0.0845231  ~322 

0.635  0.0846755  J32’ 

0.636  0.0848279  J32j 

0.637  0.0849805  }323 

0.638  0.0851331  }323 

0.639  0.0852859 

0*640  0.0854387  1528 

0.641  0.0855917 

0.642  0.0857448 

0.643  0.0858980  1532 

0.644  0.0860513  *333 

0.645  0.0862047  J33* 

0.646  0.0863582  Jf3X 

0.647  0.0865119  1537 

0.648  0.0866656  }337 

0,649  0.0868195  }339 

0.650  0.0869734  1539 


1.0166206 

1.0166823 

1.0167441 

1.0168061 

1.0168682 

1.0169305 

1.0169929 

1.0170555 

1.0171182 

1.0171811 

1.0172441 

1.0173073 

1.0171706 

1.0174341 

1.0174978 

1.0175616 

1.0176255 

1.0176896 

1.0177539 

1.0178183 

1.0178829 

1.0179476 

1.0180125 

1.0180776 

1.0181428 

1.0182062 

1.0182737 

1.0183394 

1.0184052 

1.0184712 

1.0185374 

1.0186037 

1.0186702 

1.0187368 

1.0188036 

1.0188706 

1.0189377 

1.0190050 

1.0190725 

1.0191401 

1.0192079 

1.0192759 

1.0193440 

1.0194123 

1.0194807 

1.0195493 

1.0196181 

1.0196870 

1.0197561 

1.0198253 

1.0198947 


617 

618 
620 
621 

623 

624 
626 
627 

629 

630 

632 

633 
635 

637 

638 

639 
641 

643 

644 

646 

647 
649 

651 

652 

654 

655 

657 

658 
660 
662 
663 

665 

666 
6G0 

670 

671 
673 

675 

676 
678 
680 
681 
603 
684 
686 
688 
689 

691 

692 
694 


1.6408145 

1.6379951 

1.6351850 

1.6323841 

1.6295922 

1.6268094 

1.6240355 

1.6212707 

1.6185148 

1.6157677 

1.6130295 

1.6103001 

1 .6075794 

1.6048575 

1.6021643 

1.599469S 

1.5967835 

1.5941059 

1.5914369 

1.5837763 

1.5861242 

1.5834804 

1.5608449 

1.5782177 

1.5755938 

1.5729881 

1.5703855 

1*5677911 

1.5652048 

1.5626265 

1.5600563 

1.5574941 

1.5549398 

1.5523934 

1.5498549 

1.5473242 

1.5448012 

1.5422861 

1.5397787 

1.5372789 

1.5347868 

1.5323023 

1.5298254 

1.5273560 

1.5248941 

1.5224397 

1.5199928 

1.5175532 

1.5151210 

1.5126961 

1.5102735 


0.0028194 

0.0028101 

0.0028009 

0.0027919 

0.0027328 

0.0027739 

0.0027648 

0.0027559 

0.0027471 

0.0027382 

0.0027294 

0.0027207 

0*0027119 

0*0027032 

0*002S947 

0*0026861 

0*0026776 

0.0026690 

0.0026606 

0.0026521 

0.0026438 

0.0026355 

0.0026272 

0.0026139 

0.0026107 

0.0026026 

0.0025944 

0.0025863 

0.0025783 

0.0025702 

0.0025622 

0.0025543 

0.0025464 

0.0025385 

0.0025307 

0.0025230 

0.0025151 

0.0025074 

0.0024998 

0.0024921 

0.0024845 

0.0024769 

0.0024694 

0.0024619 

0.0024544 

0.0024469 

0.0024396 

0.0024322 

0.0024249 

0.0024176 


Stretch  X 


0.9844887 

0.9844351 

0.9843814 

0.9843276 

0.98-.2737 

0.9842197 

0.9841655 

0.9841113 

0.9840570 

0.9840025 

0.9839480 

0.9838934 

0.9838386 

0.9837838 

0.9837289 

0.9836738 

0.9836186 

0.9835633 

0.9835080 

0.9834525 

0.9833970 

0.9833413 

0.9832855 

0.9932296 

0.9931737 

0.9831176 

0.9830614 

0.9830051 

0.9829486 

0.9828921 

0.9828355 

0.9827788 

0.9827220 

0.9826650 

0.9926080 

0.9825508 

0.9824936 

0.9824362 

0.9923788 

0.9823212 

0.9822636 

0.9822058 

0.9821479 

0.9820900 

0.9820318 

0.9819736 

0.9819153 

0.9818569 

0.9817984 

0.9817397 

0.9816810 
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B  _  SW 

y  P 

0.650 

0.651 

0.652 

0.653 

0.654 

0.655 

0.656 

0.657 

0.658 

0.659 

0.660 

0.661 

0.662 

0.663 

0.664 

0.665 

0.666 

0.667 

0.668 

0.669 

0.670 

0.671 

0.672 

0.673 

0.674 

0.675 

0.676 

0.677 

0.678 

0.679 

0.680 

0.681 

0.682 

0.683 

0.684 

0.685 

0.686 

0.687 

0.688 

0.689 

0.690 

0.691 

0.692 

0.693 

0.694 

0.695 

0.696 

0.697 

0.698 

0.699 

0.700 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 

Sag  Length  Stretch 

Factor  Diff.  Factor  Diff.  Factor  Diff. 


0.0869734 

0.0871275 

0.0872817 

0.0874360 

0.0875905 

0.0877450 

0.0878997 

0.0880545 

0.0882094 

0.0883644 

0.0885195 

0.0886747 

0.0888301 

0.0889856 

0.0891412 

0.0892969 

0.0894527 

0.0896086 

0.0897647 

0.0899209 

0.0900772 

0.0902336 

0.0903901 

0.0905468 

0.0907036 

0.0908605 

0.0910175 

0.0911747 

0.0913319 

0.0914893 

0.0916468 

0.0918044 

0.0919622 

0.0921201 

0.0922781 

0.0924362 

0.0925945 

0.0927529 

0.0929114 

0.0930700 

0.0932288 

0.0933877 

0.0935467 

0.0937059 

0.0938652 

0.0940246 

0.0941841 

0.0943438 

0.0945036 

0.0946635 

0.0948236 


1541 

1542 

1543 
1545 
1545 

1547 

1548 

1549 

1550 

1551 

1552 

1554 

1555 

1556 

1557 

1558 

1559 

1561 

1562 

1563 

1564 

1565 

1567 

1568 

1569 

1570 
1572 
1572 

1574 

1575 

1576 

1578 

1579 

1580 

1581 

1583 

1584 

1585 

1586 

1588 

1589 

1590 

1592 

1593 

1594 

1595 

1597 

1598 

1599 
1601 


1.0198947 

1.0199643 

1.0200341 

1.0201040 

1.0201741 

1.0202444 

1.0203148 

1.0203854 

1.0204562 

1.0205272 

1.0205983 

1.0206696 

1.0207411 

1.0208127 

1.0208845 

1.0209565 

1.0210287 

1.0211010 

1.0211735 

1.0212462 

1.0213190 

1.0213920 

1.0214652 

1.0215386 

1.0216122 

1.0216859 

1.0217598 

1.0218339 

1.0219082 

1.0219827 

1.0220573 

1.0221321 

1.0222071 

1.0222823 

1.0223576 

1.0224331 

1.0225088 

1.0225847 

1.0226608 

1.0227371 

1.0228135 

1.0228901 

1.0229669 

1.0230439 

1.0231211 

1.0231985 

1.0232760 

1.0233538 

1.0234317 

1.0235098 

1.0235881 


696 

698 

699 
701 

703 

704 
706 
708 

710 

711 
713 

715 

716 
718 
720 

722 

723 
725 

727 

728 
730 
732 
734 

736 

737 
739 
741 
743 

745 

746 
748 
750 
752 
7  53 
755 
757 
759 
761 

763 

764 
766 
768 
770 
772 

774 

775 

778 

779 
781 
783 


1.5102785 

1.5078682 

1.5054651 

1.5030692 

1.5006804 

1.4982988 

1.4959242 

1.4935568 

1.4911964 

1.4888430 

1.4864965 

1.4841570 

1.4818244 

1.4794987 

1.4771798 

1.4748678 

1.4725625 

1.4702640 

1.4679721 

1.4656869 

1.4634084 

1.4611365 

1.4588713 

1.4566126 

1.4543605 

1.4521149 

1.4498757 

1.4476430 

1.4454168 

1.4431969 

1.4409834 

1.4387762 

1.4365754 

1.4343808 

1.4321925 

1.4300104 

1.4278345 

1.4256648 

1.4235013 

1.4213439 

1.4191925 

1.4170472 

1.4149079 

1.4127747 

1.4106474 

1.4085262 

1.4064108 

1.4043014 

1.4021978 

1.4001001 

1.3980083 


0.0024103 

0.0024031 

0.0023959 

0.0023888 

0.0023816 

0.0023746 

0.0023674 

0.0023604 

0.0023534 

0.0023465 

0.0023395 

0.0023326 

0.0023257 

0.0023189 

0.0023120 

0.0023053 

0.0022985 

0.0022919 

0.0022852 

0.0022785 

0.0022719 

0.0022652 

0.0022587 

0.0022521 

0.0022456 

0.0022392 

0.0022327 

0.0022262 

0.0022199 

0.0022135 

0.0022072 

0.0022008 

0.0021946 

0.0021883 

0.0021821 

0.0021759 

0.0021697 

0.0021635 

0.0021574 

0.0021514 

0.0021453 

0.0021393 

0.0021332 

0.0021273 

0.0021212 

0.0021154 

0.0021094 

0.0021036 

0.0020977 

0.0020918 


Stretch  X 


0.9816810 
0.9816222 
0.9815632 
0.9815042 
0.9814450 
0.9813857 
0.9813263 
0.9812668 
0.9812072 
0.9811475 
0.9810877 
0.9810278 
0.9809678 
0.9809076 
0.9808474 
0.9807871 
0.9807266 
0. 9806661 
0.9806054 
0.9805446 
0.9804836 
0.9804226 
0.9803615 
0.9803003 
0.9802390 
0.9801776 
0.9801160 
0.9800543 
0.9799926 
0.9799307 
0.9798687 
0.9798066 
0.9797444 
0.9796821 
0.9796197 
0.9795572 
0.9794945 
0.9794317 
0.9793689 
0.9793059 
0.9792428 
0.9791796 
0.9791163 
0.9790529 
0.9789893 
0.9789257 
0.9788619 
0.9787981 
0.9787341 
0.9786700 
0.9786058 
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SAG  CALCULATING  TABLa  FOR  TRANSMISSION  LINc.S 


Sag  Length  Stretch 

Factor  Diff.  Factor  Diff.  Factor 


Diff . 


St 


0.700  0.0948236 

0.701  0.0949838  ~®J?2 

0.702  0.0951441  f®°3 

0.703  0.0953046 

0.704  0.0954652  J-®°X 

0.705  0.0956259  J-®°7 

0.706  0.0957868 

0.707  0.0959478 

0.708  0.0961090 

0.709  0.0962703  l®*3 

0.710  0.0964317 

0.711  0.0965932  t®*3 

0.712  0.0967549 

0.713  0.0969167  j®J® 

0.714  0.0970787  X®2? 

0.715  0.0972408  J-®21 

0.716  0.0974030  If22 

0.717  0.0975654  *f24 

0.718  0.0977279  J-®23 

0.719  0.0978905  ?-®2® 

0.720  0.0980533  t®2® 

0.721  0.0982162 

O. 722  0.0983793  1®31 

P. 723  0.0985425  J-®32 

0.724  0.0987059  J-®34 

'.725  0.0988694  *®33 

f.726  0.0990331  J-f37 

.727  0.0991969  J-®3® 

.728  0.0993608  J-®3; 

.729  0.0995249  1®4J 

.730  0.0996891  1642 

.731  0.0998535  J-®44 

.732  0.1000180  *®4® 

.733  0.1001826  1f46 

.734  0.1003474  J-®4® 

.735  0.1005124  J-®3® 

.736  0.1006775  *®3i 

.737  0.1008423  J-®?3 

.738  0.1010082  }®®4 

.739  0.1011738  J-®3® 

.740  0.1013395  J-®37 

.741  0.1015053  J-®3® 

.742  0.1016713  }®®° 

.743  0.1018375 

.744  0.1020038  1663 

.745  0.1021703  1663 

.746  0.1023369  1®®® 

.747  0.1025037  }f®® 

.748  0.1026706  }®®? 

.749  0.1028377  1671 

.750  0.1030049  1672 


1.0235881 

1.0236665 

1.0237452 

1.0238241 

1.0239032 

1.0239825 

1.0240619 

1.0241415 

1.0242213 

1.0243013 

1.0243816 

1.0244620 

1.0245426 

1.0246234 

1.0247044 

1.0247856 

1.0248669 

1.0249485 

1.0250303 

1.0251122 

1.0251944 

1.0252768 

1.0253594 

1.0254422 

1.0255251 

1.0256082 

1.0256916 

1.0257752 

1.0258590 

1.0259430 

1.0260272 

1.0261115 

1.0261961 

1.0262809 

1.0263659 

1.0264511 

1.0265365 

1.0266221 

1.0267080 

1.0267940 

1.0268803 

1.0269667 

1.0270534 

1.0271403 

1.0272274 

1.0273147 

1.0274022 

1.0274899 

1.0275779 

1.0276660 

1.0277544 


784 

787 

789 

791 

793 

794 
796 
798 
800 

803 

804 
806 
808 
810 
812 
813 
816 
818 
819 
822 
824 
826 
828 
829 
831 
834 
836 
838 
840 

842 

843 
846 
848 
850 
852 
854 
856 

859 

860 

863 

864 
867 
869 
871 
873 
875 
877 
880 
881 
884 


1.3980083 

1.3959222 

1.3938419 

1.3917674 

1.3896987 

1.3876356 

1.3855782 

1.3835264 

1.3814803 

1.3794398 

1.3774050 

1.3753757 

1.3733519 

1.3713336 

1.3693208 

1.3673135 

1.3653117 

1.3633153 

1.3613243 

1.3593387 

1.3573584 

1.3553834 

1.3534138 

1.3514494 

1.3494903 

1.3475365 

1.3455879 

1.3436445 

1.3417063 

1.3397732 

1.3373453 

1.3359225 

1.3340048 

1.3320921 

1.3301845 

1.3282819 

1.3263844 

1.3244919 

1.3226043 

1.3207217 

1.3188440 

1.3169712 

1.3151033 

1.3132403 

1.3113821 

1.3095287 

1.3076802 

1.3058364 

1.3039975 

1.3021633 

1.3003338 


0.00208£1 

0.0020803 

0.0020745 

0.0020687 

0.0020631 

0.0020574 

0.0020518 

0.0020461 

0.0020405 

0.0020348 

0.0020293 

0.0020238 

0.0020183 

0.0020128 

0.0020073 

0.0020018 

0.0019964 

0.0019910 

0.0019856 

0.0019803 

0.0019750 

0,0019696 

0.0019644 

0.0019591 

0.0019538 

0.0019486 

0.0019434 

0.0019382 

0.0019331 

0.0019279 

0.0019228 

0.0019177 

0.0019127 

0.0019076 

0.0019026 

0.0018975 

0.0018925 

0.0018876 

0.0018826 

0.0018777 

0.0018728 

0.0018679 

0.0018630 

0.0018582 

0.0018534 

0.0018485 

0.0018438 

0.0018389 

0.0018342 

0.0018295 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0, 

0, 

0 

0, 

0, 

0, 

0, 

0, 

0, 

0, 

0. 

0, 

0, 

0. 

0. 

0. 

0. 

0 
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retch  X 


.9786058 

.9785414 

.9784770 

.3734125 

.9783478 

.9792331 

.9782182 

.9791532 

.9790880 

.9730228 

.9779575 

.9778921 

.9773265 

.9777609 

.9776951 

.9776292 

.9775632 

.9774970 

.9774308 

.9773645 

.9772980 

.9772314 

.9771649 

.9770979 

.9770310 

.9769639 

.9768968 

.9768295 

.9767622 

.9766947 

.9766271 

.9765593 

.9764915 

,9764235 

,9763554 

,9762872 

,9762189 

,9761505 

,9760820 

,9760133 

9759445 

9758756 

9758066 

9757375 

9756683 

9755989 

9755294 

9754598 

9753901 

9753203 

9752504 
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PROCEEDINGS  ENGINEERS-  SOCIETY  OF  WESTERN  PENN  A ; 


[Nov. 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


8.  _  jg %  Sag 

y  p  Factor  Diff. 


Length  Stretoh 

Factor  Diff.  Factor 


Diff. 


0.750  0.1030049 

0.751  0.1031723 

0.752  0.1033399 

0.753  0.1035076 

0.754  0.1036755  l®** 

0.755  0.1038435  *®°U 

0.756  0.1040117 

0.757  0.1041800 

0.758  0.1043485  J®®® 

0.759  0.1C45172  J®®' 

0.760  0.1046860 

0.761  0.1048550  ^0 

0.762  0.1050241 

0.763  0.1051934  1®™ 

0.764  0.1053629  1®*(® 

0.765  0.1055325  J-®*® 

0.766  0.1057023 

0.767  0.1058723 

0.768  0.1060424 

0.769  0.1062127 

0.770  0.1063832 

0.771  0.1065538  1™® 

0,772  0.1067246 

0.773  0.1068956 

0.774  0,1070667 

0.775  0.1072380 

0.776  0.1074095 

0.777  0.1075812 

0.778  0.1077530 

0.779  0.1079250 

0.780  0.1080971  J 

0.781  0.1082695 

0.782  0.1084420 

0.783  0.1086147  l;g7 

0.784  0.1087875 

0.785  0.1089605 

0.786  0.1091337 

0.787  0.1093071 

0.788  0.1094807  I'®® 

0.789  0.1096544 

0.790  0.1098283 

0.791  0.1100024 

0.792  0.1101767  ?-743 

0.793  0.1103512 

0.794  0.1105258  1'*® 

0.795  0.1107007 

0.796  0.1108757 

0.797  0.1110509  J-'®* 

0.798  0.1112262 

0.799  0.1114018  l'®® 

0.800  0.1115775 


1.0277544 

1.0278430 

1.0279318 

1.0280208 

1.0281101 

1.0281995 

1.0282892 

1.0283791 

1.0284692 

1.0285595 

1.0286501 

1.0287409 

1.0288319 

1.0289231 

1.0290146 

1.0291063 

1.0291982 

1.0292903 

1.0293826 

1.0294752 

1.0295680 

1.0296610 

1.0297543 

1.0298478 

1.0299416 

1.0300355 

1.0301297 

1.0302241 

1.0303187 

1.0304136 

1.0305087 

1.0306041 

1.0306997 

1.0307956 

1.0308916 

1.0309879 

1.0310845 

1.0311813 

1.0312783 

1.0313755 

1.0314730 

1.0315708 

1.0316688 

1.0317670 

1.0318655 

1.0319642 

1.0320632 

1.0321624 

1.0322619 

1.0323616 

1.0324616 


886 

888 

890 

893 

894 
897 
899 
901 
903 
906 
908 
910 
912 
915 
917 
919 
921 
923 
926 
928 
930 
933 
935 
937 
940 
942 
944 
946 
949 
951 
954 
956 

959 

960 
963 
966 
968 
970 
972 
975 
978 
980 
982 
985 
987 
990 
992 
995 
997 

1000 


1.3003338 

1.2985090 

1.2966890 

1.2948736 

1.2930629 

1.2912568 

1.2894553 

1.2876584 

1.2858661 

1.2840784 

1.2822952 

1.2805166 

1.2787425 

1.2769729 

1.2752077 

1.2734470 

1.2716907 

1.2699388 

1.2681914 

1.2664484 

1.2647097 

1.2629754 

1.2612454 

1.2595198 

1.2577984 

1.2560813 

1.2543685 

1.2526599 

1.2509556 

1.2492555 

1.2475596 

1.2458679 

1.2441803 

1.2424969 

1.2408177 

1.2391426 

1.2374716 

1.2358047 

1.2341418 

1.2324830 

1.2308282 

1.2291775 

1.2275308 

1.2258881 

1.2242494 

1.2226146 

1.2209838 

1.2193569 

1.2177340 

1.2161150 

1.2144998 


0.0018248 

0.0018200 

0.0018154 

0.0018107 

0.0018061 

0.0018015 

0.0017969 

0.0017923 

0.0017877 

0.0017832 

0.0017786 

0.0017741 

0.0017696 

0.0017652 

0.0017607 

0.0017563 

0.0017519 

0.0017474 

0.0017430 

0.0017387 

0.0017343 

0.0017300 

0.0017256 

0.0017214 

0.0017171 

0.0017128 

0.0017086 

0.0017043 

0.0017001 

0.0016959 

0.0016917 

0.0016876 

0.0016834 

0.0016792 

0.0016751 

0.0016710 

0.0016669 

0.0016629 

0.0016588 

0.0016548 

0.0016507 

0.0016467 

0.0016427 

0.0016387 

0.0016348 

0.0016308 

0.0016269 

0.0016229 

0.0016190 

0.0016152 


Stretch  X 


0.9752504 

0.9751803 

0.9751101 

0.9750398 

0.9749694 

0.9748989 

0.9748282 

0.9747574 

0.9746865 

0.9746155 

0.9745444 

0.9744731 

0.9744018 

0.9743303 

0.9742587 

0,9741870 

0.9741151 

0.9740431 

0.9739710 

0.9738988 

0.9738265 

0.9737540 

0.9736815 

0.9736088 

0.9735360 

0.9734630 

0.9733900 

0.9733168 

0.9732435 

0.9731700 

0.9730965 

0.9730228 

0.9729490 

0.9728751 

0.9728011 

0.9727270 

0.9726527 

0.9725783 

0.9725037 

0.9724291 

0.9723543 

0.9722794 

0.9722044 

0.9721293 

0.9720540 

0.9719786 

0.9719031 

0.9718274 

0.9717517 

0.9716759 

0.9715998 
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MARTIN — TR  A  N  S  M I SS I  ON  LIN  E  CON  ST  K  I’CT  K)  N 


:«>7 


SAG 

Sag 

p 

Factor 

0.800 

0.1115775 

0.801 

0.1117535 

0.802 

0.1119296 

3.803 

0.1121059 

3.804 

0.1122824 

3.805 

'3.806 

0.1124590 

0.1126359 

3.807 

0.1128129 

3.803 

0.1129902 

3.809 

0.1131676 

P  .810 

0.1133453 

».81I 

0.1135231 

1.812 

0.1137011 

.813 

0.1138793 

.814 

0.1140577 

.315 

0.1142363 

.316 

0.1144151 

.817 

0.1145941 

.818 

0.1147733 

.819 

0.1149527 

.820 

0.1151323 

.821 

0.1153121 

.322 

0.1154921 

.823 

0.1156723 

.824 

0.1158527 

.825 

0.1160333 

.826 

0.1162141 

.327 

0.1163951 

,.828 

0.1165763 

.829 

0.1167577 

.830 

0.1169393 

.831 

0.1171211 

,.832 

0.1173032 

.833 

0.1174854 

.834 

0.1176679 

.835 

0.1178506 

.836 

0.1180335 

.837 

0.1182166 

838 

0.1183999 

839 

0.1135834 

340 

0.1187672 

341 

0.1189511 

342 

0.1191353 

843 

0.1193197 

344 

0.1195043 

345 

0.1196891 

846 

0.1198742 

347 

0.1200594 

948 

0.1202449 

849 

0.1204306 

-850 

0.1206166 

CALCULATING  TABLE 


Length 
Diff,  Factor 


1760 

1761 
1763 

1765 

1766 

1769 

1770 

1773 

1774 

1777 

1778 
1780 
1782 
1784 
1786 
1788 
1790 
1792 
1794 
1796 
1798 
1800 
1802 
1804 
1806 
1808 
1810 
1812 
1814 
1816 
1818 
1821 
1822 
1825 
1827 
1829 
1831 
1833 
1835 

1838 

1839 
1842 
1844 
1846 
1848 

1851 

1852 
1855 
1857 
1860 


1.032461 6 

1.0325613 

1.0326623 

1.0527630 

1.0328640 

1.0329652 

1.0330667 

1.0331684 

1.0332704 

1.0333726 

1.0334751 

1.0335779 

1.0336809 

1.0337842 

1.0338877 

1.0339915 

1.0340956 

1.0341999 

1.0343045 

1.0344094 

1.0345145 

1.0346199 

1.0347256 

1.0348315 

1.0349377 

1.0350442 

1.0351509 

1.0352579 

1.0353652 

1.0354727 

1.0355805 

1.0356886 

1.0357970 

1.0359057 

1.0360146 

1.0361239 

1.0362334 

1.0363432 

1.0364532 

1.0365636 

1.0366742 

1.0367851 

1.0368963 

1.0370078 

1.0371195 

1.0372316 

1.0373439 

1.0374566 

1.0375695 

1.0376828 

1.0377963 


FOR 


Diff 


1002 

1005 

1007 

1010 

1012 

1015 

1017 

1020 

1022 

1025 

1028 

1030 

1033 

1035 

1033 

1041 

1043 

1046 

1049 

1051 

1054 

1057 

1059 

1062 

1065 

1067 

1070 

1073 

1075 

1078 

1081 

1084 

1087 

1089 

1093 

1095 

1098 

1100 

1104 

1106 

1109 

1112 

1115 

1117 

1121 

1123 

1127 

1129 

1133 

1135 


TRANSMISSION  LINES 


Stretch 

Factor  Diff. 


1.2144993 
1.2128884 
1.2112810 
1.2096774 
1.2080777 
1.2064813 
1.2048397 
1 .2033014 
1.2017168 
1.2001360 
1.1985589 
1.1969856 
1.1954160 
1.1938501 
1.1922879 
1.1907294 
1.1391746 
1.1876234 
1.1860758 
1.1845318 
1.1829915 
1.1814547 
1.1799216 
1.1783920 
1.1768659 
1.1753434 
1.1738245 
1.1723091 
1.1707971 
1.1692887 
1.1677837 
1.1662822 
1.1647841 
1.1632895 
1.1617983 
1.1603105 
1.1583262 
1.1573452 
1.1558676 
1.1543934 
1.1529225 
1.1514549 
1.1499907 
1.1485298 
1.1470722 
1.1456179 
1.1441669 
1.1427192 
1.1412747 
1.1398335 
1.1383954 


16114 

16074 

16036 

15997 

15959 

15921 

15883 

15846 

15808 

15771 

15733 

15696 

15659 

15622 

15585 

15548 

15512 

15476 

15440 

15403 

15368 

15331 

15296 

15261 

15225 

15189 

15154 

15120 

15084 

15050 

15015 

14981 

14946 

14912 

14878 

14843 

14810 

14776 

14742 

14709 

14676 

14642 

14609 

14576 

14543 

14510 

14477 

14445 

14412 

14381 


Stretch  A 


0.9715998 

0.9715236 

0.9714474 

0.9713710 

0.9712945 

0.9712179 

0.9711411 

0.9710642 

0.9709872 

0.9709100 

0.9708327 

0.9707553 

0.9706778 

0.9706002 

0.9705224 

0.9704445 

0.9703664 

0.9702883 

0.9702100 

0.9701316 

0.9700530 

0.9699743 

0.9698955 

0.9698166 

0.9697375 

0.9696583 

0.9695790 

0.9694996 

0.9694200 

0.9693403 

0.9692605 

0.9691805 

0.9691004 

0.9690202 

0.9689398 

0.9688593 

0.9687787 

0.9686980 

0.9686170 

0.9685361 

0.9684549 

0.9683736 

0.9682922 

0.9682107 

0.9681289 

0.9680472 

0.9679652 

0.9678831 

0.9673009 

0.9677186 

0.9676361 
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PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA, 


[  Nov. 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


Sag 

Factor  Diff. 


Length  Stretch 

Factor  Diff.  Factor 


Stretch  X 


0.850  0.1206166 

0.851  0.1208027  1861 

0.852  0.1209891  i884 

0.853  0.1211757  1868 

0.854  0.1213626  i889 

0.855  0.1215496  1870 

0.856  0.1217369  i873 

0.857  0.1219244  1875 

0.858  0.1221121  1877 

0.859  0.1223001  1880 

0.860  0.1224883  1882 

0.861  0.1226767  1884 

0.862  0.1228654  1887 

0.863  0.1230543  1889 

0.864  0.1232435  1892 

0.865  0.1234329  1894 

0.866  0.1236225  1896 

0.867  0.1238124  1899 

0.868  0.1240025  1991 

0.869  0.1241928  1903 

0.870  0.1243834  1996 

0.871  0.1245742  1908 

0.872  0.1247653  1911 

0.873  0.1249566  1913 

0.874  0.1251482  19J-8 

0.875  0.1253400  1918 

0.876  0.1255321  1921 

0.877  0.1257244  1923 

0.878  0.1259170  1926 

0.879  0.1261098  1928 

0.880  0.1263028  1930 

0.881  0.1264961  1933 

0.882  0.1266896  1935 

0.883  0.1268834  1938 

0.884  0.1270775  l941 

0.885  0.1272718  1943 

0.886  0.1274664  1948 

0.887  0.1276613  1949 

0.888  0.1278564  1951 

0.889  0.1280518  1984 

0.890  0.1282474  1958 

0.891  0.1284433  1959 

0.892  0.1286394  198^ 

0.893  0.1288358  l984 

0.894  0.1290325  1987 

0.895  0.1292295  1970 

0.896  0.1294267  1972 

0.897  0.1296242  1975 

0.898  0.1298220  1978 

0.899  0.1300200  1980 

0.900  0.1302183  1983 


1.0377963 
1.0379101  1138 

1.0380242  1141 

1.0381387  1145 

1.0382534  1147 

1.0383684  1150 

1.0384837  1153 

1.0385993  1158 

1.0387152  1159 

1.0388314  l182 

1.0389479  1185 

1.0390647  ll88 
1.0391819  ll72 
1.0392994  II75 
1.0394171  l177 

1.0395352  1181 

1.0396535  1183 

1.0397722  1187 

1.0398912  1190 

1.0400106  1194 

1.0401302  1198 

1.0402501  1199 

1.0403704  1203 

1.0404910  1208 

1.0406119  1209 

1.0407331  1212 

1.0408546  1215 

1.0409765  1219 

1.0410987  1222 

1.0412212  1225 

1.0413441  1229 

1.0414673  1232 

1.0415908  1235 

1.0417146  1238 

1.0418388  1242 

1.0419633  1245 

1,0420881  1248 

1.0422133  1252 

1.0423388  1255 

1.0424647  1259 

1.0425909  1282 

1.0427174  1285 

1.0428443  1289 

1.0429715  1272 

1.0430991  1278 

1.0432270  1279 

1.0433553  1283 

1.0434839  1286 

1.0436129  1290 

1.0437422  1293 

1.0438719  1297 


1.1383954 
1.1369606  14348 

1.1355291  14315 

1.1341007  14284 

1.1326755  14252 

1.1312535  14220 

1.1298346  14189 

1.1284189  14157 

1.1270064  14125 

1.1255970  14094 

1.1241907  14063 

1.1227875  14032 

1.1213874  14001 

1.1199905  13969 

1.1185965  13940 

1.1172057  13908 

1.1158178  13879 

1.1144331  13847 

1.1130514  13817 

1.1116727  13787 

1.1102969  13758 

1.1089242  13727 

1.1075545  13697 

1.1061878  13667 

1.1048240  13638 

1.1034632  13608 

1.1021053  13579 

1.1007504  13549 

1.0993984  13520 

1.0980493  13491 

1.0967032  13461 

1.0953599  13433 

1.0940195  13404 

1.0926820  13375 

1.0913474  13346 

1.0900156  13318 

1.0886867  13289 

1.0873606  13261 

1.0860374  13232 

1.0847169  13205 

1.0833993  13176 

1.0820845  13148 

1.0807742  13121 

1.0794631  13093 

1.0781566  13065 

1.0768528  13038 

1.0755519  13009 

1.0742536  12983 

1.0729581  12955 

1.0716653  12928 

1.0703752  l290i 


0.9676361 

0.9675535 

0.9674708 

0.9673879 

0.9673049 

0.9672218 

0.9671385 

0.9670550 

0.9669715 

0.9668878 

0.9668040 

0.9667200 

0.9666360 

0.9665518 

0.9664674 

0.9663829 

0.9662982 

0.9662135 

0.9661286 

0.9660435 

0.9659533 

0.9658730 

0.9657875 

0.9657019 

0.9656162 

0.9655303 

0.9654442 

0.9653581 

0.9652718 

0.9651853 

0.9650988 

0.9650121 

0.9649252 

0.9648382 

0.9647511 

0.9646638 

0.9645764 

0.9644889 

0.9644012 

0.9643133 

0.9642254 

0.9641373 

0.9640490 

0.9693966 

0.9638720 

0.9637833 

0.9636945 

0.9636055 

0.9635164 

0.9634271 

0.9633377 
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SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


&  -  sw  Sag 
y  p  Factor  Diff. 


Length  Stretch 

Factor  Diff.  Factor  Diff. 


0.900  0.1302133 

0.901  0.1304168 

0.902  0.1306157 

0.903  0.1308148 

0.904  0.1310142 

0.905  0.1312139  J**' 

0.906  0.1314139  2000 
0.907  0.1316141  2002 
0.908  0.1313147  200b 

0.909  0.1320155  2008 
0.910  0.1322166  2011 
0.911  0.1324179  2013 

0.912  0.1326196  2017 

0.913  0.1323215  2019 

0.914  0.1330238  2023 

0.915  0.1332263  2025 

0.916  0.1334292  2029 

0.917  0.1336323  2031 

0.918  0.1338358  2035 

0.919  0.1340395  2037 

0.920  0.1342435  2040 

0.921  0.1344478  2043 

0.922  0.1346524  2046 

0.923  0.1348573  2049 

0.924  0.1350626  2053 

0.925  0.1352681  2055 

0.926  0.1354740  2059 

0.927  0.1356801  2061 
0.928  0.1358866  2065 

0.929  0.1360933  2067 

0.930  0.1363004  2071 

0.931  0.1365078  2074 

0.932  0.1367155  2077 

0.933  0.1369235  2080 
0.934  0.1371318  2083 

0.935  0.1373404  2086 

0.936  0.1375494  2090 

0.937  0.1377587  2093 

0.938  0.1379683  2096 

0.939  0.1381782  2099 

0.940  0.1383885  2103 

0.941  0.1385991  2106 

0.942  0.1388100  2109 

0.943  0.1390212  2112 

0.944  0.1392328  2115 

0.945  0.1394447  2119 

0.946  0.1396569  2122 

0.947  0.1398695  2126 

0.948  0.1400824  2129 

0.949  0.1402957  2133 

0.950  0.1405093  2136 


1.0433719 

1.0440019 

1.0441323 

1.0442630 

1.0443941 

1.0445256 

1.0446574 

1.0447896 

1.0449222 

1.0450551 

1.0451884 

1.0453221 

1.0454561 

1.0455905 

1.0457253 

1.0458604 

1.0459959 

1.0461318 

1.0462681 

1.0464048 

1.0465418 

1.0466793 

1.0468171 

1.0469553 

1.0470939 

1.0472329 

1.0473723 

1.0475121 

1.0476523 

1.0477929 

1.0479338 

1.0480752 

1.0482170 

1.0483592 

1.0485018 

1.0486448 

1.0487882 

1.0489320 

1.0490762 

1.0492209 

1.0493659 

1.0495114 

1.0496573 

1.0498037 

1.0499504 

1.0500976 

1.0502452 

1.0503933 

1.0505417 

1.0506907 

1.0508400 


1300 

1304 

1307 

1311 

1315 

1318 

1322 

1326 

1329 

1333 

1337 

1340 

1344 

1348 

1351 

1355 

1359 

1363 

1367 

1370 

1375 

1378 

1382 

1386 

1390 

1394 

1398 

1402 

1406 

1409 

1414 

1418 

1422 

1426 

1430 

1434 

1438 

1442 

1447 

1450 

1455 

1459 

1464 

1467 

1472 

1476 

1481 

1484 

1490 

1493 


1.0703752 

1.0690879 

1.0678032 

1.0665212 

1.0652419 

1.0639652 

1.0626912 

1.0614199 

1.0601511 

1.0588850 

1.0576216 

1.0563608 

1.0551025 

1.0533469 

1.0525938 

1.0513433 

1.0500954 

1.0488500 

1.0476072 

1.0463669 

1.0451292 

1.0438940 

1.0426613 

1.0414312 

1.0402035 

1.0389783 

1.0377556 

1.0365354 

1.0353176 

1.0341024 

1.0328895 

1.0316791 

1.0304711 

1.0292656 

1.0280625 

1.0268618 

1.0256634 

1.0244675 

1.0232739 

1.0220828 

1.0208940 

1.0197076 

1.0185235 

1.0173418 

1.0161624 

1.0149853 

1.0138106 

1.0126382 

1.0114681 

1.0103003 

1.0091348 


12873 

12847 

12820 

12793 

12767 

12740 

12713 

12688 

12661 

12634 

12608 

12583 

12556 

12531 

12505 

12479 

12454 

12428 

12403 

12377 

12352 

12327 

12301 

12277 

12252 

12227 

12202 

12178 

12152 

12129 

12104 

12080 

12055 

12031 

12007 

11984 

11959 

11936 

11911 

11888 

11864 

11841 

11817 

11794 

11771 

11747 

11724 

11701 

11678 

11655 


Stretch  X 


0.9633377 
0.9632482 
0.9631585 
0 .9630036 
0.9629786 
0.9628835 
0,9627982 
0.9627073 
0.9626172 
0.9625265 
0.9624356 
0.9623447 
0.9622535 
0.9621622 
0.9620708 
0.9619792 
0.9613874 
0.9617955 
0.9617034 
0.9616112 
0.9615189 
0.9614264 
0.9613337 
0.9612410 
0.9611480 
0.9610549 
0.9609617 
0.9608683 
0.9607748 
0.9606811 
0.9605872 
0.9604932 
0.9603991 
0.9603048 
0.9602103 
0.9601158 
0.9600210 
0.9599261 
0.9598310 
0.9597358 
0.9596404 
0.9595449 
0.9594491 
0.9593533 
0.9592573 
0.9591611 
0.9590648 
0.9589684 
0.9583718 
0.9587750 
0.9586731 
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PROCEEDINGS  ENGINEERS-  SOCIETY  OF  WESTERN  PENNA. 


[Nov. 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


b  _  syi 

y  p 


Sag 

Factor  Diff. 


Length 

Factor  Diff. 


Stretch 

Factor  Diff. 


0.950 

0.951 

0.952 

0.953 

0.954 

0.955 

0.956 

0.957 

0.958 

0.959 

0.960 

0.961 

0.962 

0.963 

0.964 

0.965 

0.956 

0.967 

0.968 

0.969 

0.970 

0.971 

0.972 

0.973 

0.974 

0.975 

0.976 

0.977 

0.978 

0.979 

0.980 

0.981 

0.982 

0.983 

0.984 

0.985 

0.986 

0.987 

0.988 

0.989 

0.990 

0.991 

0.992 

0.993 

0.994 

0.995 

0.996 

0.997 

0.998 

0.999 

1.000 


0.1405093 
0.1407232 
0.1409375 
0.1411521 
0.1413671 
0.1415824 
0.1417981 
0.1420141 
0.1422305 
0.1424472 
0.1426643 
0.1428818 
C. 1430996 
0.1433178 
0.1435363 
0.1437552 
0.1439745 
0.1441941 
0.1444141 
0.1446345 
0.1448552 
0.1450763 
0.1452979 
0.1455198 
0.1457421 
0.1459647 
0.1461878 
0.1464112 
0.1466351 
0.1468593 
0.1470839 
0.1473089 
0.1475343 
0.1477601 
0.1479863 
0.1482129 
0.1484399 
0.1486673 
0.1488952 
0.1491234 
0.1493521 
0.1495812 
0.1498107 
0.1500406 
0.1502710 
0.1505018 
0.1507330 
0.1509646 
0.1511967 
0.1514292 
0.1516621 


2139 

2143 

2146 

2150 

2153 

2157 

2160 

2164 

2167 

2171 

2175 

2178 

2182 

2185 

2189 

2193 

2196 

2200 

2204 

2207 

2211 

2216 

2219 

2223 

2226 

2231 

2254 

2239 

2242 

2246 

2250 

2254 

2258 

2262 

2266 

2270 

2274 

2279 

2282 

2287 

2291 

2295 

2299 

2304 

2308 

2312 

2316 

2321 

2325 

2329 


1.0508400 
1.0509898 
1.0511400 
1.0512907 
1.0514418 
1.0515933 
1.0517453 
1.0518978 
1.0520507 
1.0522040 
1.0523578 
1.0525121 
1.0526668 
1.0528220 
1.0529777 
1.0531338 
1.0532904 
1.0534475 
1.0536050 
1.0537630 
1.0539215 
1.0540805 
1.0542399 
1.0543999 
1.0545603 
1.0547212 
1.0548826 
1.0550445 
1.0552069 
1.0553698 
1.0555332 
1.0556971 
1.0558615 
1.0560264 
1.0561918 
1.0563577 
1.0565242 
1.0566912 
1.0568587 
1.0570267 
1.0571953 
1.0573644 
1.0575340 
1.0577041 
1 .0578748 
1.0580460 
1.0582178 
1.0583901 
1.0585530 
1.0587364 
1.0589103 


1498 

1502 

1507 

1511 

1516 

1520 

1525 

1529 

1533 

1533 

1543 

1547 

1552 

1557 

1561 

1556 

1571 

1575 

1580 

1585 

1590 

1594 

1600 

1604 

1609 

1614 

1619 

1624 

1629 

1634 

1639 

1644 

1649 

1654 

1659 

1665 

1670 

1675 

1680 

1686 

1691 

1696 

1701 

1707 

1712 

1718 

1723 

1729 

1734 

1739 


1.0091348 

1.0079716 

1.0068106 

1.0056519 

1.0044956 

1.0033414 

1.0021895 

1.0010398 

0.9998924 

0.9987472 

0.9976042 

0.9964634 

0.9953248 

0.9941885 

0.9930543 

0.9919223 

0.9907925 

0.9896648 

0.9885393 

0.9874160 

0.9862948 

0.9851757 

0.9840588 

0.9829440 

0.9818314 

0.9807208 

0.9796124 

0.9785060 

0.9774017 

0.9762996 

0.9751995 

0.9741015 

0.9730055 

0.9719116 

0.9708197 

0.9697299 

0.9686422 

0.9675564 

0.9664728 

0.9653911 

0.9643115 

0.9632339 

0.9621582 

0.9610845 

0.9600128 

0.9589431 

0.9578754 

0.9568096 

0.9557458 

0.9546840 

0.9536241 


11632 

11610 

11587 

11563 

11542 

11519 

11497 

11474 

11452 

11430 

11408 

11386 

11363 

11342 

11320 

11298 

11277 

11255 

11233 

11212 

11191 

11169 

11143 

11126 

11106 

11084 

11064 

11043 

11021 

11001 

10980 

10960 

10939 

10919 

10898 

10877 

10858 

10836 

10817 

10796 

10776 

10757 

10737 

10717 

10697 

10677 

10658 

10638 

10618 

10599 


Stretch  x  * 
• 

0.9586781 

0.9585810 

0.9584837 

0.9583863 

0.9582888 

0.9581911 

0.9580932 

0.9579951 

0.9578969 

0.9577986 

0.9577000 

0.9576013 

0.9575025 

0.9574035 

0.9573043 

0.9572050 

0.9571055 

0.9570059 

0.9569060 

0.9568061 

0.9567060 

0.9566056 

0.9565052 

0.9564046 

0.9563038 

0.9562028 

0.9561017 

0.9560004 

0.9558989 

0.9557973 

0.9556955 

0.9555935 

0.9554914 

0.9553891 

0.9552866 

0.9551840 

0.9550812 

0.9549782 

0.9548751 

0.9547718 

0.9546684 

0.9545648 

0.9544609 

0.9543569 

0.9542527 

0.9541484 

0.9540439 

0.9539392 

0.9538343 

0.9537293 

0.9536241 
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SAG  CALCULATING  TABLE  FOB  TRANSMISSION  LINES 


8  _  SS. 
y  P 


Sag 

Factor  Diff. 


Length 

Factor  Diff. 


Stretch 

Factor  Diff. 


1.000 

0.1516621 

1.001 

0.1518955 

1.002 

0.1521293 

1.003 

0.1523635 

1.004 

0.1525982 

1.005 

0.1528333 

1.006 

0.1530689 

1.007 

0.1533050 

1.008 

0.1535415 

i  1.009 

0.1537784 

1  1.010 

0.1540158 

1.011 

0.1542537 

1.012 

0.1544920 

11.013 

0.1547309 

i 1.014 

0.1549702 

; 1.015 

0.155210d 

1.016 

0.1554502 

,1.017 

0.1556909 

1.018 

0.1559321 

1.019 

0.1561738 

1.020 

0.1564160 

1.021 

0.1566587 

1.022 

0.1569018 

1.023 

0.1571454 

1.024 

0.1573896 

;i.025 

0.1576342 

1.026 

0.1578794 

1.027 

0.1581250 

il.028 

0.1583712 

1.029 

0.1586179 

1.030 

0.1588651 

1.031 

0.1591128 

1.032 

0.1593610 

1.033 

0.1596098 

1.034 

0.1598591 

1.035 

0.1601089 

1.036 

0.1603592 

1.037 

0.1606100 

1.033 

0.1608614 

1.039 

0.1611133 

1.040 

0.1613658 

1.041 

0.1616189 

1.042 

0.1618725 

1.043 

0.1621267 

1.044 

0.1623814 

1.045 

0.1626367 

L.046 

0.1628926 

1.047 

0.1631490 

1.048 

0.1634060 

1.049 

0.1636636 

1.050 

0.1639217 

2334 

2333 

2342 

2347 

2351 

2356 

2361 

2365 

2369 

2374 

2379 

2383 

2389 

2393 

2398 

2402 

2407 

2412 

2417 

2422 

2427 

2431 

2436 

2442 

2446 

2452 

2456 

2462 

2467 

2472 

2477 

2482 

2488 

2493 

2498 

2503 

2508 

2514 

2519 

2525 

2531 

2536 

2542 

2547 

2553 

2559 

2564 

2570 

2576 

2581 


1.0589103 

1.0590848 

1.0592599 

1.0594355 

1.0596117 

1.0597885 

1.0599658 

1.0601437 

1.0603222 

1.0605013 

1.0606809 

1.0608612 

1.0610420 

1.0612234 

1.0614055 

1.0615881 

1.0617713 

1.0619551 

1.0621396 

1.0623246 

1.0625103 

1.0626966 

1.0628335 

1.0630710 

1.0632592 

1.0634480 

1.0636375 

1.0638276 

1.0640183 

1.0642096 

1.0644016 

1.0645943 

1.0647876 

1.0649816 

1.0651763 

1.0653716 

1.0655676 

1.0657643 

1.0659616 

1.0661597 

1.0663534 

1.0665578 

1.0667579 

1.0669588 

1.0671603 

1.0673626 

1.0675655 

1.0677692 

1.0679736 

1.0681787 

1.0683846 


1745 

1751 

1756 

1762 

1768 

1773 

1779 

1785 

1791 

1796 

1303 

1308 

1314 

1821 

1826 

1832 

1838 

1845 

1850 

1857 

1863 

1869 

1875 

1882 

1888 

1895 

1901 

1907 

1913 

1920 

1927 

1933 

1940 

1947 

1953 

1960 

1967 

1973 

1981 

1987 

1994 

2001 

2009 

2015 

2023 

2029 

2037 

2044 

2051 

2059 


0.9536241 

0.9525662 

0.9515102 

0.9504561 

0.9494040 

0.9483537 

0.9473054 

0.9462590 

0.9452145 

0.9441719 

0.9431312 

0.9420924 

0.9410554 

0.9400203 

0.9389870 

0.9379556 

0.9369261 

0.9358984 

0.9348726 

0.9338486 

0.9328264 

0.9313061 

0.9307876 

0.9297709 

0.9287560 

0.9277429 

0.9267316 

0.9257221 

0.9247143 

0.9237084 

0.9227042 

0.9217018 

0.9207011 

0.9197022 

0.9137050 

0.9177096 

0.9167160 

0.9157241 

0.9147339 

0.9137454 

0.9127586 

0.9117735 

0.9107902 

0.9098086 

0.9088286 

0.9078503 

0.9068737 

0.9058933 

0.9049256 

0.9039540 

0.9029342 


10579 

10560 

10541 

10521 

10503 

10483 

10464 

10445 

1C426 

10407 

10388 

10370 

10351 

10333 

10314 

10295 

10277 

10258 

10240 

10222 

10203 

10185 

10167 

10149 

10131 

10113 

10095 

10078 

10059 

10042 

10024 

10007 

9989 

9972 

9954 

9936 

9919 

9902 

9885 

9868 

9851 

9833 

9816 

9800 

9783 

9766 

9749 

9732 

9716 

9698 


Stretch  X 


0.9536241 

0.9535187 

0.9534132 

0.9533075 

0.9532016 

0.9530955 

0.9529392 

0.9528828 

0.9527762 

0.9526694 

0.9525625 

0 .9524554 

3.9523480 

0.9522405 

0.9521328 

0.9520249 

0.9519169 

0.9518087 

0.9517003 

0.9515917 

0.9514829 

0.9513740 

0.9512649 

0.9511556 

0.9510461 

0.9509365 

0.9508266 

0.9507166 

0.9506063 

0.9504959 

0.9503853 

0.9502745 

0.9501635 

0.9500523 

0.9499410 

0.9498295 

0.9497177 

0.9496059 

0.9494937 

0.9493315 

0.9492690 

0.9491563 

0.9490434 

0.9489303 

0.9488171 

0.9487036 

0.9485899 

0.9484761 

0.9483621 

0.9482478 

0.9481334 
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PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENN  A, 


[Nov. 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


9  9W 

y  '  f 


Sag  Length 

Factor  Diff.  Factor  Diff. 


Stretch 

Factor  Diff. 


1.050 

0.1639217 

1.051 

0.1641804 

1.052 

0.1644397 

1.053 

0.1646996 

1.054 

0.1649601 

1.055 

0.1652212 

1.056 

0.1654829 

1.057 

0.1657452 

1.058 

0.1660081 

1.059 

0.1662716 

1.060 

0.1665358 

1.061 

0.1663005 

1.062 

0.1670659 

1.063 

0.1673319 

1.064 

0.1675985 

1.065 

0.1678658 

1.066 

0.1681337 

1.067 

0.1684023 

1.068 

0.1686715 

1.069 

0.1689414 

1.070 

0.1692119 

1.071 

0.1694831 

1.072 

0.1697550 

1.073 

0.1700275 

1.074 

0.1703007 

1.075 

0.1705746 

1.076 

0.1708492 

1.077 

0.1711245 

1.078 

0.1714004 

1.079 

0.1716771 

1.080 

0.1719544 

1.081 

0.1722325 

1.082 

0.1725112 

1.083 

0.1727906 

1.084 

0.1730708 

1.085 

0.1733517 

1.086 

0.1736334 

1.087 

0.1739158 

1.088 

0.1741990 

1.089 

0.1744829 

1.090 

0.1747675 

1.091 

0.1750529 

1.092 

0.1753390 

1.093 

0.1756259 

1.094 

0.1759136 

1.095 

0.1762021 

1.096 

0.1764914 

1.097 

0.1767815 

1.098 

0.1770724 

1.099 

0.1773641 

1.100 

0.1776566 

2587 

2593 

2599 

2605 

2611 

2617 

2623 

2629 

2635 

2642 

2647 

2654 

2660 

2666 

2673 

2679 

2686 

2692 

2699 

2705 

2712 

2719 

2725 

2732 

2739 

2746 

2753 

2759 

2767 

2773 

2781 

2787 

2794 

2802 

2809 

2817 

2824 

2832 

2839 

2846 

2854 

2861 

2869 

2877 

2885 

2893 

2901 

2909 

2917 

2925 


1.0683846 

1.0685912 

1.0687986 

1.0690067 

1.0692155 

1.0694251 

1.0696354 

1.0698465 

1.0700584 

1.0702711 

1.0704845 

1.0706987 

1.0709137 

1.0711295 

1.0713461 

1.0715635 

1.0717817 

1.0720007 

1.0722205 

1.0724412 

1.0726627 

1.0728850 

1.0731082 

1.0733322 

1.0735570 

1.0737827 

1.0740093 

1.0742368 

1.0744651 

1.0746943 

1.0749244 

1.0751554 

1.0753873 

1.0756201 

1.0758538 

1.0760884 

1.0763240 

1.0765604 

1.0767978 

1.0770361 

1.0772754 

1.0775157 

1.0777569 

1.0779991 

1.0782423 

1.0784865 

1.0787316 

1.0789778 

1.0792249 

1.0794731 

1.0797222 


2066 

2074 

2081 

2088 

2096 

2103 

2111 

2119 

2127 

2134 

2142 

2150 

2158 

2166 

2174 

2182 

2190 

2198 

2207 

2215 

2223 

2232 

2240 

2248 

2257 

2266 

2275 

2283 

2292 

2301 

2310 

2319 

2328 

2337 

2346 

2356 

2364 

2374 

2383 

2393 

2403 

2412 

2422 

2432 

2442 

2451 

2462 

2471 

2482 

2491 


0.9029842 
0.9020160 
0.9010494 
0.9000845 
0.8991212 
0.8931596 
0.8971996 
0.8962412 
0.8952845 
0.8943293 
0.8933758 
0.8924238 
0.8914735 
0.890524 8 
0.8895777 
0 .8886322 
0.8876882 
0.8867453 
0.8858050 
0.8843657 
0.8839280 
0.8829919 
0.8820573 
0.8811243 
0.8801928 
0.8792628 
0.8783344 
0.3774075 
0.8764821 
0.8755583 
0.8746360 
0.8737152 
0.8737958 
0.8718781 
0.8709617 
0.8700469 
0.8691335 
0.8682217 
0.8673112 
0.8664023 
0.8654949 
0.8645889 
0.8636844 
0.8627813 
0.8618797 
0.8609795 
0.8600808 
0,8591834 
0.8582875 
0.8573931 
0.8565000 


9682 

9666 

9649 

9633 

9616 

9600 

9584 

9567 

9552 

9535 

9520 

9503 

9487 

9471 

9455 

9440 

9424 

0408 

9393 

9377 

9361 

9346 

9330 

9315 

9300 

9284 

9269 

9254 

9238 

9223 

9208 

9194 

9177 

9164 

9148 

9134 

9118 

9105 

9089 

9074 

9060 

9045 

9031 

9016 

9002 

8987 

8974 

8959 

8944 

8931 


Stretch  X 


0.9481334 

0.9480188 

0.9479040 

0.9477890 

0.9476737 

0.9475584 

0.9474427 

0.9473269 

0.9472109 

0.9470947 

0.9469783 

0.9468617 

0.9467449 

0.9466278 

0.9465107 

0.9463933 

0.9462756 

0.9461578 

0.9460397 

0.9459214 

0.9458030 

0.9456343 

0.9455654 

0.9454463 

0.9453270 

0.9452075 

0.9450878 

0.9449679 

0.9448477 

0.9447274 

0.9446068 

0.9444861 

0.9443651 

0.9442439 

0.9441225 

0.9440009 

0.9438790 

0.9437570 

0.9436347 

0.9435121 

0.9433894 

0.9432665 

0.9431434 

0.9430200 

0.9428964 

0.9427726 

0.9426485 

0.9425242 

0.9423997 

0.9422750 

0.9421500 
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SAG  CALCULATING  TAELS  FOR  TRANSMISSION  LIKES 


B  BW 

y  '  p 


„Sa«  Length  Stretch 

Factor  Diff.  Factor  Diff.  Factor  Diff. 


1.100 

0.1776566 

1.0797222 

1.101 

0.1779499 

2933 

1.0799724 

2502 

1.102 

0.1782440 

2941 

1.0802236 

2512 

1.103 

0.1785389 

2949 

1.0804759 

2523 

1.104 

0.1788347 

2958 

1.0807293 

2534 

1.105 

0.1791313 

2966 

1.0809837 

2544 

1.106 

0.1794287 

2374 

1.0812392 

2555 

1.107 

0.1797270 

2983 

1.0814958 

2566 

1.108 

0.1800262 

2992 

1.0817534 

2576 

1.109 

0.1803262 

3000 

1.0820121 

2537 

1.110 

0.1806271 

3009 

1.0822719 

2593 

1.111 

0.1809289 

3018 

1.0825329 

2610 

1.112 

0.1812316 

3027 

1.0827949 

2620 

1.113 

0.1815352 

3036 

1.0830581 

2632 

1.114 

0.1818396 

3044 

1.0833224 

2643 

1.115 

0.1821449 

3053 

1.0835878 

2654 

1.116 

0.1824512 

3063 

1.0838544 

2666 

1.117 

0.1827584 

3072 

1.0841222 

2678 

1.118 

0.1830665 

30S1 

1.0843911 

2689 

1.119 

0.1833755 

3090 

1.0846612 

2701 

1.120 

0.1836855 

3100 

1.0849325 

2713 

1.121 

0.1839964 

3109 

1.0852050 

2725 

1.122 

0.1843083 

3119 

1.0854787 

2737 

1.123 

0.1846212 

3129 

1.0857536 

2749 

1.124 

0.1849350 

3138 

1.0860298 

2762 

1.125 

0.1852498 

3143 

1.0863072 

2774 

1.126 

0.1855657 

3159 

1.0865859 

2737 

1.127 

0.1858826 

3169 

1.0868658 

2799 

1.128 

0.1862004 

3173 

1.0871470 

2312 

1.129 

0.1865193 

3189 

1.0874295 

2825 

1.130 

0.1868392 

3199 

1.0877132 

2337 

1.131 

0.1871601 

3209 

1.087,9982 

2850 

1.132 

0.1874820 

3219 

1.0882846 

2364 

1.133 

0.1878050 

3230 

1.0885723 

2877 

1.134 

0.1881290 

3240 

1.0888613 

2890 

1.135 

0.1884541 

3251 

1.0891517 

2904 

1.136 

0.1887803 

3262 

1.0894434 

2917 

1.137 

0.1891076 

3273 

1.0897365 

2931 

1.138 

0.1894359 

3283 

1.0900310 

2945 

1.139 

0.1897654 

3295 

1.0903269 

2959 

1.140 

0.1900960 

3306 

1.0906242 

2973 

1.141 

0.1904277 

3317 

1.0909229 

2987 

1.142 

0.1907606 

3329 

1.0912231 

3002 

1.143 

0.1910946 

3340 

1.0915247 

3016 

1 1.144 

0.1914297 

3351 

1.0918278 

3031 

1 .145 

0.1917660 

3363 

1.0921323 

3045 

1.146 

0.1921035 

3375 

1.0924383 

3060 

1.147 

0.1924422 

3387 

1.0927458 

3075 

1.148 

0.1927820 

3393 

1.0930548 

3090 

1.149 

0.1931231 

3411 

1.0933654 

3106 

1 . 150 

0.1934653 

3422 

1.0936775 

3121 

0.9565000 

0.8556084 

8916 

0.8547181 

8903 

0.8538294 

8887 

0.8529419 

8875 

0.8520559 

8860 

0.8511714 

8845 

0.8502882 

8832 

0.8494063 

8819 

0.8485259 

8804 

0.8476468 

3791 

0.8467691 

8777 

0.8458927 

3764 

0.8450177 

3750 

0.8441441 

3736 

0.8432718 

8723 

0  .£3424009 

3709 

0.8415313 

8696 

0.8406631 

3632 

0.8397962 

3669 

0.8389307 

3655 

0.8380665 

3642 

0.8372036 

8629 

0.8363419 

8617 

0.8354817 

8602 

0.8346227 

3590 

0.8337651 

3576 

0.8329087 

8564 

0.8320536 

8551 

0.8311998 

9533 

0.8303473 

8525 

0.8294961 

8512 

0.8286462 

3499 

0.8277975 

8487 

0.8269502 

8473 

0.8261041 

8461 

0.8252592 

8449 

0.8244156 

8436 

0.8235733 

3423 

0.8227323 

8410 

0.8218924 

8399 

0.8210539 

3385 

0.8202165 

8374 

0.8193804 

8361 

0.8185455 

3349 

0.8177119 

3336 

0.8168795 

8324 

0.8160482 

8313 

0.8152182 

8300 

0.8143894 

8288 

0.8135619 

8275 

Stretch  X 


0.9421500 

0.9420248 

0.9418994 

0.9417738 

0.9416479 

0.9415218 

0.9413955 

0.9412690 

0.9411422 

0.9410152 

0.9408879 

0.9407604 

0.9406327 

0.9405047 

0.9403765 

0.9402481 

0.9401194 

0.9399905 

0.9398614 

0.9397320 

0.9396024 

0.9394725 

0.9393424 

0.9392120 

0.9390814 

0.9389505 

0.9388195 

0.9386881 

0.9385565 

0.9384246 

0.9382925 

0.9381601 

0.9380275 

0.9378946 

0.9377615 

0.9376281 

0.9374945 

0.9373606 

0.9372265 

0.9370921 

0.9369574 

0.9368225 

0.9366872 

0.9365518 

0.9364161 

0.9362801 

0.9361438 

0.9360073 

0.9358705 

0.9357335 

0.9355962 
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JL  _  sw 

y  "  p 

1.150 

1.151 

1.152 

1.153 

1.154 

1.155 

1.156 

1.157 

1.158 

1.159 

1.160 
1.161 
1.162 

1.163 

1.164 

1.165 

1.166 

1.167 

1.168 

1.169 

1.170 

1.171 

1.172 

1.173 

1.174 

1.175 

1.176 

1.177 

1.178 

1.179 

1.180 
1.181 
1.182 

1.183 

1.184 

1.185 

1.186 

1.187 

1.188 

1.189 

1.190 

1.191 

1.192 

1.193 

1.194 

1.195 

1.196 

1.197 

1.198 

1.199 

1.200 

NOTE 


SAG  CALCULATING  TABLE  FOR  TRANSMISSION  LINES 


Sag 

Factor  Diff. 


Length  Stretch 

Factor  Diff.  Factor  Diff. 


0.1934653 
0.1938088 
0.1941536 
0.1944996 
0.1948469 
0.1951955 
0.1955453 
0.1958964 
0.1962489 
0.1966027 
0.1969578 
C. 1973143 
0.1976721 
0.1980314 
0.1983920 
0.1987540 
0.1991175 
0.1994824 
0.1998487 
0.2002165 
0.2005858 
0.2009565 
0.2013288 
0.2017026 
0.2020780 
0.2024550 
0.2028335 
0.2032136 
0.2035954 
0.2039787 
0.2043637 
0.2047504 
0.2051387 
0.2055288 
0.2059206 
0.2063141 
0.2067094 
0.2071064 
0.2075053 
0.2079060 
0.2083086 
0.2087131 
0.2091194 
0.2095276 
0.2099378 
0.2103499 
0.2107640 
0.2111801 
0.2115982 
0.2120184 
0.2124408 


3435 

3448 

3460 

3473 

3486 

3498 

3511 

3525 

3538 

3551 

3565 

3578 

3593 

3606 

3620 

3635 

3649 

3663 

3678 

3693 

3707 

3723 

3738 

3754 

3770 

3785 

3801 

3818 

3833 

3850 

3867 

3883 

3901 

3918 

3935 

3953 

3970 

3989 

4007 

4026 

4045 

4063 

4082 

4102' 

4121 

4141 

4161 

4181 

4202 

4224 


1.0936775 

1.0939912 

1.0943064 

1.0946232 

1.0949416 

1.0952616 

1.0955833 

1.0959066 

1.0962316 

1.0965583 

1.0968866 

1.0972166 

1.0975484 

1.0978820 

1.0982173 

1.0985544 

1.0988933 

1.0992340 

1.0995766 

1.0999210 

1.1002673 

1.1006155 

1.1009656 

1.1013177 

1.1016717 

1.1020277 

1.1023857 

1.1027457 

1.1031078 

1.1034719 

1.1038381 

1.1042064 

1.1045769 

1.1049496 

1.1053244 

1.1057015 

1.1060808 

1.1064624 

1.1068462 

1.1072324 

1.1076209 

1.1080118 

1.1084051 

1.1088008 

1.1091990 

1.1095997 

1.1100030 

1.1104088 

1.1108172 

1.1112282 

1.1116418 


3137 

3152 

3168 

3184 

3200 

3217 

3233 

3250 

3267 

3283 

3300 

3318 

3336 

3353 

3371 

3389 

3407 

3426 

3444 

3463 

3482 

3501 

3521 

3540 

3560 

3580 

3600 

3621 

3641 

3662 

3683 

3705 

3727 

3748 

3771 

3793 

3816 

3838 

3862 

3885 

3909 

3933 

3957 

3982 

4007 

4033 

4058 

4084 

4110 

4136 


0.8135619 

0.8127356 

0.8119103 

0.8110863 

0.8102635 

0.8094419 

0.8086215 

0.8078023 

0.8069842 

0.8061673 

0.8053515 

0.8045369 

0.8037235 

0.8029112 

0.8021001 

0.8012901 

0.8004813 

0.7996736 

0.7988670 

0.7980616 

0.7972572 

0.7964541 

0.7956520 

0.7948510 

0.7940511 

0.7932523 

0.7924547 

0.7916582 

0.7908627 

0.7900683 

0.7892750 

0.7884828 

0.7876916 

0.7869015 

0.7861125 

0.7853246 

0.7845377 

0.7837519 

0.7829671 

0.7821834 

0.7814007 

0.7806190 

0.7798384 

0.7790588 

0.7782803 

0.7775028 

0.7767263 

0.7759508 

0.7751763 

0.7744028 

0.7736304 


8263 

8253 

8240 

8228 

8216 

8204 

8192 

8181 

8169 

8158 

8146 

8134 

8123 

8111 

8100 

8088 

8077 

8066 

8054 

8044 

8031 

8021 

8010 

7999 

7988 

7976 

7965 

7955 

7944 

7933 

7922 

7912 

7901 

7890 

7879 

7869 

7858 

7848 

7837 

7827 

7817 

78C6 

7796 

7785 

7775 

7765 

7755 

7745 

7735 

7724 


This  table  is  copyrighted  by  the  author,  end  is  not 
without  permission. 


Stretch  X 


0.9355962 

0.9354586 

0.9353207 

0.9351825. 

0.9350441 

0.9349054 

0.9347665 

0.9346272 

0.9344877 

0.9343479 

0.9342078 

0.9340674 

0.9339267 

0.9337857 

0.9336445 

0.9335030 

0.9333612 

0.9332191 

0.9330767 

0.9329340 

0.9327910 

0.9326477 

0.9325041 

0.9323603 

0.9322160 

0.9320715 

0.9319267 

0.9317816 

0.9316363 

0.9314905 

0.9313445 

0.9311982 

0.9310515 

0.9309045 

0.9307572 

0.9306096 

0.9304617 

0.9303135 

0.9301649 

0.9300160 

0.9298668 

0.9297173 

0.9295674 

0.9294172 

0.9292667 

0.9291158 

0.9289646 

0.9288131 

0.9286612 

0.9285090 

0.9283564 

to  be  copied 
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Modulus  of  elaeticlty  (e)  of  stranded  wire  is  considered  as  being  reduced  from  that  for  solid  wire,  in  the  same  ratio  as 
was  shown  by  tests  on  Copper  Clad  Steel  Wire. 
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DISCUSSION 


Mr.  O.  M.  Jorstad:*  Mr.  Martin  spoke  of  the  vagueness 
of  the  modulus  of  elasticity  of  a  stranded  cable  and  at  the  same 
time  I  think  he  used  on  his  chart  16,000,000  for  stranded  copper. 
That  seems  to  be  the  figure  universally  used.  I  was  just  wonder¬ 
ing  whether  there  is  any  doubt  about  that  figure. 

Mr.  James  S.  Martin  :  It  is  safer  to  figure  the  sags  by  that 
method  and  use  a  figure  a  little  too  high  than  a  little  too  low ;  be¬ 
cause,  if  you  assume  a  modulus  of  elasticity  less  than  the  actual 
value  your  calculations  will  give  you  a  smaller  value  for  the  sag 
than  that  actually  required.  Everything  considered,  it  is  better  to 
assume  your  modulus  of  elasticity  a  little  too  high  than  too  low. 
For  that  reason  it  is  slightly  on  the  safe  side  to  assume  16,000.000 
though  if  put  to  a  test  I  think  stranded  wire  will  show  a  lower 
modulus  of  elasticity. 

Mr.  L.  F.  W.  Hildner,  Chairman  :f  In  the  large  towers  of 
river  spans,  are  connections  riveted  or  bolted? 

Mr.  James  S.  Martin  :  The  field  connections  are  bolted. 

Mr.  L.  F.  W.  Hildner,  Chairman  :  Is  there  no  riveting  at 
all  done  in  the  field  ? 


Mr.  James  S  Martin  :  Xot  in  the  erection. 

Mr.  X.  A.  \Yahlberg:±  What  size  bolts  or  rivets  are  used 
on  tower  construction  and  what  size  is  the  plate  on  the  tower  arm 
where  the  insulators  are  connected? 

Mr.  James  S.  Martin  :  Ordinarily  ^-inch  bolts  are  used, 
and  as  the  work  grows  heavier  we  use  ^4-inch  and  in  a  very  few 
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cases,  Jg-inch.  To  connect  the  insulators  to  the  cross-arms 
we  use  6-  by  3 y2-  by  ^<-inch  angles. 

Mr.  N.  A.  Wahlberg  :  Is  any  wearing  of  the  plate  notice¬ 
able,  due  to  the  oscillation  of  the  tower  and  the  span  ? 

Mr.  James  S.  Martin:  We  have  never  had  any  noticeable 
wear.  There  is  very  little  motion  to  the  connecting  hooks,  es¬ 
pecially  on  the  long  spans  where  there  is  practically  no  swaying 
of  the  wire  itself,  and  I  do  not  think  there  has  ever  been  any 
noticeable  wear  reported. 

Mr.  N.  A.  Wahlberg:  I  am  interested  in  the  matter  of 
standardization.  In  suspension  insulators  should  half-inch  or 
three-quarter  inch  pins  be  used  ? 

Mr.  James  S.  Martin  :  Our  practice  is  to  connect  insula¬ 
tors  to  a  connection  plate  or  angle  with  a  hook.  Our  standard 

hook  requires  a  hole  1  1/16  inches  in  diameter. 

Mr.  George  S.  Humphrey:*  I  should  like  to  know  whether 
you  use  tinned  copper  protecting  sleeves  between  the  clamp  and 
the  copper  conductor  to  protect  the  conductor  against  mechanical 
injury  or  electrolytic  action  between  the  copper  and  zinc;  also, 
why  you  figure  6750  pounds  stress  on  a  dead  end  when  the  maxi¬ 
mum  stress  on  the  wire  is  figured  at  4500 ;  also  whether  or  not 
you  ever  used  a  dynamometer  for  sagging  wire? 

Mr.  James  S.  Martin  :  Our  company  does  not  use  sleeves 
between  the  clamp  and  the  wire;  the  bare  wire  is  passed  through 
the  clamp  and  the  bolts  tightened.  The  6750  pounds  is  the  result¬ 
ant  of  two  pulls  of  4500  pounds  acting  at  right  angles  to  each 
other.  This  is  used  for  the  90-degree  towers.  We  have  never  used 
the  dynamometer  in  stringing  wires.  That  brings  to  my  mind  some¬ 
thing  I  had  thought  of  mentioning.  Some  spans  have  been  put  up  by 
means  of  weights  running  over  pulleys,  which  insures  a  uniform 
tension  at  all  times.  That  is  all  right  as  long  as  there  are  no 
wires  one  above  the  other — as  long  as  they  are  all  in  one  hori- 
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zontal  plane — but  as  soon  as  your  tower  is  narrowed  down  so  that 
wires  must  be  placed  one  above  another,  if  you  have  ice  on  the 
wires  and  the  ice  falls  off  the  lower  wire  before  it  falls  off  the  up¬ 
per  wire  it  would  bring  the  lower  wire  right  up  to  the  other  one. 

Mr.  W.  M.  Austin  :*  1  should  like  to  ask  the  speaker  if 

he  has  ever  noticed  any  permanent  stretching  in  long  spans  of  cop¬ 
per  cable.  1  know  that  steel  cables,  especially  those  with  a  hemp 
core  such  as  tire  used  in  hoisting  do  lengthen  considerably  in 
service. 

Mr.  James  S.  AIartin  :  We  have  had  trouble  with  only  one 
span.  There  is  one  span  which  has  come  down  several  times, 
but  I  think  the  reason  for  this  is  that  there  is  something  wrong 
with  the  clamps  and  they  are  allowing  the  wire  to  slip.  That 
span  is  not  our  longest  by  any  means,  and  it  does  not  seem  reason¬ 
able  that  it  is  the  only  span  which  is  stretching.  It  is  not  dam¬ 
aged,  so  I  think  it  is  the  fault  of  the  clamps. 

Mr.  S.  S.  Hertz  :f  I  want  to  express  my  appreciation  of 
Air.  Martin’s  paper  and  the  very  able  way  in  which  he  has  pre¬ 
sented  it.  It  is  splendid  information  for  us.  It  would  be  inter¬ 
esting  to  know  the  effect  of  corona,  not  only  upon  the  tower,  but 
also  upon  other  parts  of  the  structure  and  the  conductors. 

There  is  a  positive  trend  to-day  towards  the  use  of  long 
spans  wherever  possible,  inasmuch  as  long  spans  have  proved  far 
superior  to  short  spans  in  the  matter  of  maintenance  and  the 
question  of  maintenance  is  given  the  foremost  consideration  to¬ 
day  in  weighing  plans  of  design. 

The  wide  and  frequent  change  of  conductor  stress  on  short 
spans,  which  sometimes  will  vary  as  much  as  100  per  cent,  several 
times  a  season,  is  far  more  detrimental  to  the  strength  of  the  con¬ 
ductor  materials  than  an  almost  constantly  applied  stress  even  if 
higher  in  value.  The  stress  in  longer  spans  might  vary  only  10  or 
15  per  cent. 

The  matter  of  proper  conductor  metals  which  will  permit  of 
longer  spans,  has  engaged  the  engineering  profession  for  about 
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a  half  century.  Perhaps  one  of  the  most  notable  advances  in  this 
direction  has  been  the  perfection  in  recent  years  of  the  molten 
welded  process  of  making  copper-clad  steel  wire  whereby  the 
copper  is  actually  welded  to  the  steel,  making  a  homogeneous 
wire.  A  number  of  transmission  lines  in  the  West  have  operated 
continuously  for  ten  to  twelve  years  with  this  material  on  spans 
up  to  4100  feet,  and  recent  inspection  has  shown  that  they  are  in 
perfect  condition. 

Mr.  James  S.  Martin  :  As  to  the  first  question,  I  am  not  an 
electrical  engineer  and  that  problem  is  not  in  my  line.  Perhaps 
Mr.  Smith  can  answer  the  question. 

Mr.  H.  W.  Smith  :*  I  should  think  that  with  the  conditions 
in  this  district,  and  the  size  of  conductors  used  on  66,000  volts, 
there  would  not  be  much  trouble  from  corona.  It  is,  however,  a 
feature  in  high-voltage  transmission  and  that  is  one  factor  that  is 
bringing  into  prominence  the  use  of  aluminum  steel  reinforced 
cable,  because  with  the  larger  diameter  the  corona  loss  is  reduced 
and  the  critical  voltage  (the  voltage  at  which  corona  forms)  is 
raised.  Mr.  Peek,  of  the  General  Electric  Company,  has  done  a 
great  deal  of  work  on  that  subject  and  there  have  been  quite  a 
number  of  actual  tests  made  on  lines  which  fully  bear  out  the 
research  done  in  the  laboratory.  In  view  of  that  information  I 
should  not  expect  any  trouble  with  the  lines  of  the  Duquesne 
Light  Company. 

Mr.  N.  A.  Wahlberg:  Mr.  Martin  spoke  of  the  span 
breaking  down.  Is  it  possible  that  the  wires  had  been  weakened 
due  to  lightning?  I  recently  returned  from  a  trip  to  Michigan 
where  I  had  the  opportunity  to  examine  aluminum  wire  which 
had  been  in  service  on  a  140,000-volt  line.  These  wires  had  to 
be  removed  due  to  individual  strands  breaking.  Upon  close  ex¬ 
amination  numerous  spotted  places  were  noted  where  lightning  had 
passed  over  the  wire  and  crystallization  had  taken  place.  At 
these  points  any  strand  could  be  broken  oflf  with  one  bend. 
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I  noticed  on  one  of  the  slides  an  arrangement  for  testing- 
suspension  insulator  strings,  at  the  foot  of  the  towers.  What 
would  this  load  be? 

Mr.  James  S.  Martin  :  I  do  not  know  what  was  specified 
on  the  last  insulator  sets,  but  on  former  insulators  they  had  to 
stand  an  8500-pound  test  before  they  left  the  factory.  The  test 
in  the  field  was  simply  to  see  that  everything  is  in  place  and  all 
connections  properly  made.  No  specified  tension  is  used. 

Mr.  L.  F.  W.  Hildner,  Chairman  :  You  did  not  explain  the 
method  of  testing  towers ;  that  is,  the  physical  test.  I  remember 
that  horizontal  test  they  used  to  have,  but  what  do  they  use  now? 

Mr.  James  S.  Martin  :  They  have  a  big  frame  set  up 
facing  two  ways  to  test  the  tower  from  two  sides.  The  tower  is 
set  up  in  its  normal  vertical  position  and  tested.  The  American 
Bridge  Company  has  a  big  frame  at  the  works  at  Fifty-first 
Street  with  adjustable  base  connections  to  fit  any  size  of  tower  and 
arranged  so  they  can  rack  the  tower  any  way  they  please.  Equal¬ 
izing  levers  are  attached  to  give  uniform  tension  at  each  point  of 
application  of  stress.  Cables  are  attached  to  these  levers  and, 
after  being  passed  through  a  number  of  pulleys,  to  bring  the  ten¬ 
sion  down  to  the  capacity  of  the  dynamometer,  the  cable  is  at¬ 
tached  to  the  dynamometer.  Then  tension  is  put  on  and  sights 
taken  with  transits  to  determine  the  temporary  deflection,  and, 
after  removing  the  tension,  the  permanent  deflection.  When  the 
tower  is  taken  out  every  hole  is  examined  to  see  whether  or  not 
there  is  any  distortion  in  the  metal. 

m/ 

Mr.  O.  M.  Jorstad:  Can  you  give  us  a  figure  on  the  cost 
of  erection  of  a  tower,  and  the  estimate  for  concrete? 

Mr.  James  S.  Martin  :  To  be  on  the  safe  side  I  allow  $550 
in  estimating  for  a  concrete  foundation,  on  the  average.  It 
does  not  run  that,  but  that  amount  will  take  care  of  the  average 
cost  for  our  towers  sustaining  a  turn  in  line  of  less  than  45 
degrees.  I  usually  estimate  on  the  earth  anchorage  for  the  sus¬ 
pension  or  line  towers  at  $175.  It  does  not  cost  us  that,  but 
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that  will  take  care  of  accidents  and  other  contingencies,  such  as 
wet  weather,  etc. 

Mr.  O.  M.  Jorstad:  About  how  many  yards  would  there 
be  in  a  $550  tower? 

Mr.  James  S.  Martin  :  The  yardage  in  a  tower  runs  from 
about  11  to  20  yards.  Of  course  that  $550  includes  excavation, 
setting  up  anchorage  steel,  putting  in  concrete,  backfilling,  tamp¬ 
ing,  and  moving  equipment  to  the  next  tower. 

Mr.  C.  W.  Kenney  :*  I  should  like  to  express  my  apprecia¬ 
tion  of  Mr.  Martin’s  paper.  One  point  in  particular  on  which  I 
certainly  agree  with  him  is  the  matter  of  survey  and  profile  and 
the  advantage  of  a  profile  plotted  on  the  same  scale  for  both 
vertical  and  horizontal  measurements.  In  my  opinion  it  is 
very  much  better  to  have  the  same  scale. 

I  would  like  to  ask  a  question  in  regard  to  the  assumed 
loading  of  wires.  Do  you  believe  that  the  immediate  vicinity  of 
Pittsburgh  justifies  a  calculation  of  loading  a  half-inch  of  ice? 
I  know  we  are  all  using  it  and  we  are  classed  in  the  heavy-load 
area  but  it  seems  to  me  that  in  the  immediate  vicinity  of  Pitts¬ 
burgh  it  is  not  justified  according  to  Weather  Bureau  reports. 

Mr.  James  S.  Martin  :  There  were  some  wires  broken  in 
Ambridge  a  few  years  ago  on  which  the  thickness  of  ice  was 
three  inches.  These  were  not  our  wires  but  were  telegraph  wires. 
The  thickness  of  ice  was  measured  by  American  Bridge  Company 
men.  That  may  not  occur  once  in  20  years,  but  it  is  liable  to  occur 
again  because  it  has  done  so  before. 

Mr.  C.  W.  Kenney:  Was  that  a  general  condition  or  was  it 
some  local  condition? 

Mr.  James  S.  Martin  :  I  can  not  remember  the  date  of 
that  storm.  I  believe  it  was  somewhere  about  1915  or  191  k  The 
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circumstance  was  quoted  to  me  at  the  time  we  were  putting  in 
the  river  crossing  at  Amhridge. 

Mr.  O.  M.  Torstad:  Along  that  line  I  might  refer  to  a  re¬ 
cent  paper  before  the  American  Institute  of  Electrical  Engineers 
by  A.  E.  Silver*  on  a  220-volt  line.  His  load  is  1.5  inches  increase 
in  radius  due  to  sleet,  making  a  total  increase  of  three  inches  so 
that  possibly  half  an  inch  might  be  considered  conservative. 

*  Proc.  A.  I.  E.  E.  1919.  v.  38,  pt.  2,  p.  751. 


LONG- WALL  SYSTEM  OF  MINING 


By  R.  \Y.  McCasland* 

The  long-wall  system  of  mining  had  its  inception  in  the  Black 
Band  Iron  Stone  Mines  near  Airdrie,  Scotland  many  years  ago, 
the  seam  of  iron  stone  being  from  two  to  three  feet  in  thick¬ 
ness,  and  underlaid  with  a  coal  seam  one  to  1J<2  feet  in  thickness, 
and  overlaid  with  slate  or  shale.  The  rooms  were  widened  for  the 
sake  of  economy,  and  pillars  or  packs  built  of  refuse  material, 
with  the  idea  of  replacing  or  supplementing  the  timber  roof  sup¬ 
port.  As  the  work  progressed,  the  resisting  quality  of  the  packs 
was  observed,  others  added,  making  a  long  continuous  wall,  and 
the  working  face  further  lengthened  or  widened  to  such  an  ex¬ 
tent  that  the  name  “long-wall”  was  appropriately  applied  to  this 
method  or  system  of  mining. 

It  was  in  this  district,  that  the  earlier  improvements  were 
brought  about.  A  mine  manager  named  James  Richie  is  credited, 
by  some,  with  having  done  much  pioneering  work  in  this  respect. 
The  improvements  that  have  taken  place  since  have  been  gradual, 
almost  slow,  and  the  adaptation  of  this  method  of  mining  to 
American  coal-mines  has  made  so  little  progress  that  the  sys¬ 
tem  is  practically  unknown  in  many  large  mining  regions. 

This  paper  will  not  add  much  to  the  accumulated  knowledge 
of  the  subject  and  many  important  points  may  be  passed  un¬ 
touched,  but  it  is  hoped  that  a  trend  of  thought  may  be  started  that 
will  eventually  bring  about  a  further  improvement  in  the  applica¬ 
tion  of  machinery  to  our  mines  and  at  the  same  time  insure 
conservation  of  our  valuable  natural  resources. 


GENERAL  CONSIDERATION  OF  PLAN  TO  P,E  USED 

The  first  question  that  naturally  arises  is,  when  can  the 
long-wall  system  be  adopted  in  preference  to  the  room-and- 
pillar  method,  and  when  can  it  successfully  replace  the  room-and 
pillar  method  of  operating  mines?  If  we  can  give  full  effect  to 
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the  merits  of  the  system,  it  should  be  adopted  for  the  mining  of 
all  coal  seams  four  feet  and  under  in  thickness  and  in  most  seams 
ranging  from  four  to  five  feet  in  thickness  where  a  complete  re¬ 
covery  of  coal  is  one  of  the  points  of  first  consideration.  It  may 
be  found  profitable  in  thicker  seams,  especially  split  seams,  where 
large  beds  of  impurities  exist  in  the  coal  seam  which  can  be  used 
for  pack  material.  When  the  system  is  thoroughly  established, 
the  mining  costs  would  be  lower  in  each  case,  and  a  larger  per¬ 
centage  of  lump  coal  should  be  obtained.  The  above,  of  course, 
are  general  statements.  The  more  detailed  advantages  and  dis¬ 
advantages  will  be  apparent  from  a  further  consideration  of  the 
subject. 

The  long-wall  system  of  mining  has  been  properly  classified 
into  two  distinct  divisions ;  that  is,  long-wall  advancing  and  long- 
wall  retreating,  and  it  naturally  follows  after  the  long-wall  sys¬ 
tem  has  been  given  consideration. that  we  are  called  upon  to  choose 
one  or  the  other  of  these  subdivisions.  In  the  former,  the  work¬ 
ings  are  advanced  from  the  mine  opening  toward  the  boundary  line 
of  the  property  and,  in  the  latter  case,  the  main  entries  are  driven 
to  the  boundary  of  the  property  and  the  principal  workings  are 
worked  back  toward  the  mine  opening.  The  main  feature  of 
either  method  is  to  remove  practically  all  of  the  coal  as  the  work¬ 
ing  face  advances  and  to  maintain  the  exposed  roof  for  a  time  by 
the  use  of  pack  walls  built  from  waste  material  and  material  se¬ 
cured  by  enlarging  the  roadways.  Cribs  and  mine  props  are  also 
used,  but  the  principal  support  is  obtained  from  the  pack  walls. 
The  pack  walls  also  form  in  time  a  permanent  support  along  the 
haulage  roads  and  principal  air  courses  in  the  advancing  system. 
The  last  mentioned  are  known  as  road  packs  and  any  packs  used 
in  the  areas  between  the  roads  are  known  as  gob  packs. 

In  reviewing  opinion  pertaining  to  the  two  long- wall  systems, 
we  usually  find  the  following  advantage  on  the  side  of  long-wall 
advancing:  A  minimum  of  capital  expenditure  for  mine  de¬ 
velopment,  and  the  short  time  required  for  quickly  developing 
sufficient  coal  area  to  insure  production  for  a  very  large  mine. 
This  time  element  is  a  very  important  consideration  where  a  very 
large  outside  mining  plant  has  to  be  built  and  deep  shafts  have  to 
be  sunk  before  any  coal  development  is  obtained. 
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We  usually  find  that  other  advantages  are  attributed  to  the 
long-wall  retreating  method.  Among  the  reasons  advanced  are : 
A  greater  percentage  of  minimum  recovery;  a  better  control  of 
roof,  ventilation,  and  drainage,  with  less  liability  to  ga>  and  dust 
explosions;  a  lower  cost  of  maintenance  of  permanent  roadways 
and  air  courses;  a  smaller  timber  consumption,  and  a  larger  out¬ 
put  from  an  equally  developed  area  at  the  face 

The  above  are  the  usual  advantages  attributed  to  the  two 
systems,  and  they  appear  to  be  almost  overwhelmingly  on  the 
side  of  the  retreating  method,  especially  when  viewed  from  a 
purely  engineering  standpoint.  Enginers  often,  with  some  justice, 
criticize  methods  which  are  adopted  by  operators  in  the  belief 
that  the  method  is  better  suited  to  the  financial  condition  of  the 
operator.  These  methods  are  also  criticized  by  accountants  and 
economists  as  being  poor  policy  in  the  end.  However,  the  merits 
of  the  particular  point  can  be  reduced  to  figures  with  some  de¬ 
gree  of  certainty,  and  the  lay-out  planned  best  to  suit  the  physical 
condition  of  the  property  while  keeping  in  mind  that  the  primary 
object  of  operating  coal-mines,  is  to  make  money.  It  is  well  to 
keep  in  mind  also,  that  as  time  rolls  by  American  coal-mining  com¬ 
panies  are  bound  to  face  competition  of  a  strong  and  capable  kind, 
and  that  generally  the  work  should  be  planned  with  the  assump¬ 
tion  in  mind  that  the  operating  company  has  sufficient  capital  or 
credit  to  insure  the  adoption  and  perfection  of  the  most  economi¬ 
cal  methods. 

Even  with  the  assurance  of  abundant  capital,  it  would  not 
be  wise  to  accept  the  above  enumerated  advantages  and  disadvan¬ 
tages  without  giving  very  serious  thought  to  the  physical  condition 
of  the  coal  seam  and  its  underlying  and  overlying  strata,  especially 
the  roof  strata;  as  after  due  consideration  it  may  he  found  that 
unless  ideal  roof  conditions  prevail,  permanent  roadways  and  air 
courses  may  be  more  expensive  to  maintain  in  the  retreating  sys¬ 
tem  than  in  the  advancing  system,  for  the  reason  that  there  is  a 
peculiar  arching  and  locking  action  on  the  roof  immediately  over 
the  roadways  and  their  heavy  supporting  packs.  The  advantages 
as  to  maximum  recovery  will  be  so  slight  as  to  he  almost  negli¬ 
gible,  and  the  greater  liability  as  to  gas  and  dust  explosions  will 
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not  be  sufficient  in  most  cases  to  cause  much  concern  in  the  choice 
of  the  two  systems. 


ROOF  CONTROL 

The  roof  control  and  the  utilization  of  roof  pressure  will  be 
given  consideration  next  for  the  reason  that  in  long-wall  workings, 
it  is  by  far  the  most  important  point  for  consideration,  and,  in 
thinking  of  roof  control,  it  is  well  to  remember  that  the  roof 
cannot  always  be  controlled  and  that  it  would  not  always  be 
profitable  to  control  a  roof  in  an  absolute  sense.  More  often,  the 
practical  control  will  be  in  the  nature  of  a  successful  retreat 
rather  than  a  positive  resistance.  Assured  a  practical  roof  con¬ 
trol,  we  can  take  up  the  other  phases  of  the  engineering  work  with 
a  greater  degree  of  confidence  in  the  planning  of  haulage  roads 
and  air  courses.  Drainage  and  ventilation  will  require  only  the 
application  of  well-known  principles  and  practice,  and  assurance 
may  be  had  that  the  mechanical  requirements  will  be  easily  taken 
care  of  by  our  mechanical  engineers.  Before  adopting  a  method 
for  the  control  of  roof  and  the  utilization  of  roof  pressure,  con¬ 
sideration  must  be  given  to  the  cleavage  lines  or  cleats  in  the  coal 
seam ;  the  direction  in  which  they  run ;  whether  there  are  pro¬ 
nounced  or  incipient  lines  of  cleavage  in  the  roof  overlying  the 
coal,  and  whether  the  cleavage  lines  in  the  roof  run  in  the  same 
direction  as  those  in  the  coal ;  the  nature  of  the  roof  itself,  as  to 
whether  it  is  of  a  bending,  yielding  nature,  as  shale,  slate,  and 
some  kinds  of  sandstone ;  or  whether  it  would  snap  abruptly  as 
in  the  case  of  limestone.  The  nature  of  the  floor  should  also  be 
considered  as  to  whether  it  is  of  a  hard,  firm  structure  or  of  a  soft 
nature  which  will  heave  or  crowd  easily  when  subjected  to  pres¬ 
sure.  The  materials  for  the  control  of  roof,  aside  from  the  coal 
seam  itself,  consist  of  ordinary  mine  props,  timber  for  cribs,  and 
rock  or  earthy  material,  obtained  from  the  coal  seam  or  from  the 
roof  and  floor  of  the  seam.  The  object,  of  course,  is  to  maintain 
permanently  openings  for  haulage  roads  and  air  courses,  and  to 
maintain  temporarily  space  at  the  working  face  and  such  tem¬ 
porary  roadways  as  may  be  necessary  for  the  purpose  of  gather¬ 
ing  the  coal  to  the  main  haulage  system. 
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There  are  two  general  methods  employed  in  roof  control. 
One  method  is  to  build  packs  of  sufficient  strength  to  insure  a 
gradual  subsidence  of  the  roof  over  the  mined  area  and  when  this 
method  is  employed  it  is  desirable  that  the  roof  measures  yield  or 
bend  rather  than  break  abruptly.  The  other  method  is  to  build 
pack  walls  where  necessary  for  the  future  protection  of  the  main 
haulage  roads  and  air  courses,  and  to  use  cribs  for  supports  in 
the  mined  area,  between  principal  roads  and  along  the  face,  to 
support  the  roof  of  the  mined  area  for  such  a  length  of  time  as  to 
prevent  falls  from  interfering  with  the  working  face  and  the 
mechanical  means  of  removing  the  coal  from  the  face.  As  the 
face  advances,  the  cribs  can  be  removed  from  the  back  or  first 
row  and  brought  forward  to  the  face  and  used  again.  As  this 
system  progresses,  falls  will  occur  in  the  area  from  which  the 
cribs  have  been  removed. 

1  he  latter  method  might  be  called  a  caving  method,  while  the 
former  might  be  called  a  supporting  method.  The  former  will 
insure  a  better  method  of  control  in  most  cases  especially  in  the 
advancing  system,  and  might  prove  desirable  in  retreating  work 
in  some  places. 

If  this  method  is  desired,  and  the  seam  itself  does  no!  pro¬ 
vide  sufficient  waste  material  for  the  building  of  packs,  consid¬ 
eration  must  be  given  as  to  where  the  additional  material  shall 
be  obtained;  that  is,  whether  it  shall  be  lifted  from  the  floor  of 
the  roadways  or  be  brushed  from  the  roof.  1  he  nature  of  the 
material  thus  obtained  will  govern  to  some  extent  the  method 
adopted.  As  securing  additional  material  will  in  most  cases  re¬ 
quire  heavy  blasting,  and  as  it  is  desirable  that  the  sides  of  the 
roadways  be  left  as  smooth  and  straight  as  possible,  it  will  be 
necessary  to  set  break  lines  of  timbers  along  the  sides  of  road¬ 
ways  before  the  shot  is  fired.  I  he  ease  with  which  the  hole  for 
the  shot  can  be  drilled  is  also  an  important  item  in  cost.  Where 
the  material  is  obtained  from  the  floor,  the  natural  roof  is  not 
shattered  by  the  blasting  operation  and  no  high  cavity  is  left  where 
gas  can  accumulate. 

1  his  method  has  the  disadvantage  of  interfering  to  some  ex¬ 
tent  with  machine  operation;  also,  it  is  not  as  desirable  from  a 
drainage  standpoint,  but  generally  is  to  be  preferred  where  the 
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floor  is  of  soft  material  and  where  a  smooth,  sound,  natural  roof 
is  present  above  the  coal.  Obtaining  the  material  from  the  roof 
has  the  advantage  of  leaving  a  smooth  mine  floor,  which  is  more 
favorable  to  drainage  and  also  to  permanent  roads,  which  after 
having  been  gone  over  a  second  time  show  the  advantage  of  an 
interlocking  and  arching  effect  which  very  materially  reduces  falls. 
By  the  extensive  use  of  packs  in  this  method,  cribs  for  the  support 
of  the  working  face  will  not  be  required  except  in  extreme  cases. 

By  following  the  caving  method,  and  using  cribs  where 
conditions  are  suitable,  it  will  be  found  that  a  very  considerable 
saving  in  the  cost  of  operation  has  been  effected.  This  will  be 
true  particularly  in  the  case  of .  retreating  work  and  in  some  in¬ 
stances  in  the  case  of  advancing  work.  In  the  use  of  either  method, 
it  will  be  found  that  the  application  or  the  removal  of  supports 
is  largely  a  question  for  experienced  practical  judgment. 

In  the  long-wall  method  of  mining,  it  will  be  found  in  most 
cases  that  roof  pressure  can  be  used  practically  to  an  advantage  in 
bringing  down  the  coal  after  mining  and  that  the  use  of  explo¬ 
sives  can  be  minimized ;  and  it  will  be  found,  usually,  that  by  ad¬ 
vancing  the  faces  in  a  certain  direction  with  respect  to  the  cleav¬ 
age  lines  of  the  coal  and  roof,  and  also  with  respect  to  the  dip  or 
inclination  of  the  seam,  better  results  can  be  obtained  than  in  the 
case  of  the  face  being  advanced  in  any  other  direction.  The 
object  is  to  obtain  a  large  percentage  of  lump  coal  with  a  mini¬ 
mum  effort.  Consideration  should  also  be  given  to  the  direction 
in  order  that  the  undermined  coal  will  not  fall  in  a  mass  and  re¬ 
quire  a  large  amount  of  manual  labor  to  break  it  up  sufficiently 
for  loading  purposes. 

Experience  should  be  the  guide  in  matters  of  this  kind,  but 
it  appears  to  be  a  well  recognized  fact  that  a  greater  pressure 
will  be  exerted  on  the  coal  when  going  to  the  dip  than  to  the  rise ; 
also  that  the  most  critical  time  with  respect  to  roof  control  and 
pressure  is  when  the  working  face  has  gone  into  a  dip  or  swale 
and  has  just  started  to  the  rise.  A  little  consideration  will  show 
that  the  line  of  pressure  on  the  coal  will  change  rapidly  and  that 
the  inverted  natural  arch  in  the  roof  will  require  extreme  meas¬ 
ures  to  hold  it  in  place. 
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With  respect  to  the  use  of  timber  in  work  of  this  kind,  ordi¬ 
nary  mine  props  will  be  required  for  temporary  protection  at  the 
face,  and  may  very  often  be  removed  later  and  used  again.  It  is 
important,  however,  that  no  mine  posts  be  included  within  the  area 
of  a  pack  wall.  The  timbers  used  for  cribs  in  the  supporting 
method  where  a  gradual  subsidence  is  desired,  need  not  be  of  first 
quality  and,  in  fact,  timbers  that  are  somewhat  decayed,  such  as 
old  railroad  ties,  make  a  much  better  support  than  new  timbers, 
for  the  reason  that  they  yield  to  pressure  and  do  not  produce  ; 
shear  in  the  roof.  The  timbers  used  for  cribs  at  the  face  with 
the  intention  of  removal,  as  in  the  caving  method,  should  be  sound, 
hard  timbers  of  a  size  that  can  be  conveniently  handled  by  one 
man  and  any  cushioning  of  the  cribs  should  be  taken  care  of  by 
other  means.  Roof  pressure  can  be  controlled  to  some  extent 
at  the  working  face  by  working  an  offset  or  stepped  face  where 
the  mining  is  done  by  hand ;  but,  in  the  case  where  machinery  is 
used,  a  long  continuous  face  is  desirable  and  the  stepping  in  the 
sense  referred  to  above  would  be  a  very  great  disadvantage.  The 
action  can  be  controlled  to  some  extent  by  stepping  the  machine 
sections  and  by  varying  the  general  direction  of  advance. 


NOTES  FROM  EXPERIENCE 

It  may  be  of  interest  and  profit  to  study  the  experience  of  an 
Eastern  Ohio  long-wall  operation.  At  the  mine  referred  to,  the 
long-wall  method  has  not  been  in  use  since  the  start  of  the  mine, 
which  is  a  very  old  mine  and  is  mining  the  Freeport  seam  of 
the  Allegheny  series  with  an  average  thickness  of  three  feet, 
eight  inches,  having  a  hard  fire-clay  bottom  and  a  shale  roof,  at 
times  mixed  with  thin  sandstone  beds.  The  long-wall  method 
was  started  in  June,  1913.  Fig.  1  (folding  plate),  from  a  section 
of  the  mine  map,  shows  the  starting  place  of  this  work  and  the 
progressive  advance  of  the  face  as  shown  by  different  survey  dates. 

The  method  was  attempted  at  this  mine  to  secure  a  greater 
concentration  of  mining  area  and  to  make  a  complete  recoverv  of 
the  coal  seam.  The  location  selected  for  the  start  of  this  method 
was  not  ideal,  but  was  not,  strictly  speaking,  unfavorable  to  the 
method.  The  main  haulage  road  was  dipping  nearly  one  per  cent. 


Section  of  Mine  Map 
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and  a  haulage  road  to  the  rise  would  have  been  preferred,  it  pos¬ 
sible.  The  system  started  and  still  in  use,  as  will  be  observed  from 
Fig.  2,  which  is  reproduced  from  another  section  of  the  mine 
map,  is  the  Scotch  or  45-degree  long-wall  advancing  system. 

The  coal  is  mined  by  continuous  cutting,  electrically  driven, 
long-wall  machines  which  with  an  over-supported  cutter  bar  en¬ 
able  the  operator  to  cut  the  coal  with  a  perfectly  smooth  floor, 
adding  considerably  to  the  speed  and  comfort  of  the  miner  when 

shoveling  coal. 

Fig.  3  and  4:  show  a  machine  in  operation,  operating  on 


Fig.  3.  Coal-Cutting  Machine. 

skids  which  have  since  been  abandoned  in  favor  of  a  double- 
bitted  chain  which  successfully  cuts  the  coal  on  the  bottom.  The 
machine  undercuts  from  3 to  4  feet,  is  reversible,  and  the 
usual  amount  of  work  for  an  eight-hour  shift  consists  of  cutting 
the  entire  face  of  a  machine  section  which  has  one  central  motor 
road  with  six  ordinary  roadways  on  either  side  spaced  12  feet 
trom  center  to  center  making  a  total  working  face  for  the  machine 
of  546  teet.  The  machines  are  operated  on  a  tonnage  basis,  the 
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rate  of  pay  being  exactly  one-half  the  usual  breast-machine  rate. 

It  will  be  observed  from  Fig.  1  and  2,  that  the  ordinary  road¬ 
ways  are  usually  cut  off  by  45-degree  roads  spaced  usually  about 
200  feet  apart,  which  in  this  mine  are  called  “slope  roads.”  The 


Fig.  4.  Coal-Cutting  Machine. 


main  motor  roads  are  made  about  11  feet  wide  where  required, 
and  the  ordinary  roadways  eight  feet  wide.  The  material  for  sup¬ 
porting  the  roof  is  in  most  cases  obtained  from  brushing  the 
roof,  the  usual  carry  of  brushing  being  equal  in  thickness  to  the 
thickness  of  the  coal  seam.  The  material  thus  obtained  is  built  in 
pack  walls  along  the  roadways,  with  well  built  walls  along  the 
roadside  and  along  the  face ;  the  remaining  space  at  the  walls  is 
filled  with  loose  material  and  so  constructed  that  the  pack  will  offer 
greater  resistance  on  the  roadside  than  on  the  waste  or  goaf  side. 

Fig.  5  gives  some  idea  of  the  road  arrangement  and  the  area 
of  roof  supported  by  pack  walls  and  also  shows  in  some  detail 
the  method  of  building  the  pack  walls  and  turning  the  roadways. 


19*2*2 1 


M-CASLAND — LONG  WALL  SYSTEM  OF  MINING 


COAL 


Fig.  5.  Road  Arrangement  and  Roof  Support. 
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Note  the  timber  cribs  at  the  points  of  pack  walls  and  the  break¬ 
throughs  in  the  pack  walls  or  buildings  at  the  left  of  the  illustra¬ 
tion.  These  are  called  split  buildings  in  the  mine,  and  are  essential 
to  ventilation  at  the  extreme  end  of  the  ventilated  face ;  as,  other¬ 
wise,  gas  could  accumulate  between  the  pack  walls  and  the  coal  rib. 

Fig.  6  gives  a  relative  idea  of  roof  subsidence  in  this  mine. 


It  is  generally  considered  that,  when  the  roof  has  subsided  to  such 
an  extent  that  the  pack  wall  is  reduced  to  about  one-third  of  its 
original  height,  complete  subsidence  has  taken  place  and  the  main 
haulage  roads  or  air  courses  can  be  rebrushed  with  the  assurance 
that  very  little  additional  work  will  be  required  in  the  future. 

Measurements  were  taken  in  a  very  old  place,  which  showed 
that  where  the  original  height  of  the  seam  had  been  three  feet, 
four  inches,  and  the  original  height  of  the  roadway  had  been 
seven  feet,  complete  subsidence  had  reduced  the  packs  to  20 
inches  in  height  while  the  space  between  the  roof  and  the  bottom 
in  the  middle  of  the  goaf  had  been  reduced  to  13  inches.  The 
height  of  the  roadway  had  been  reduced  to  five  feet,  four  inches. 
This  probably  represents  an  extreme  case  of  subsidence.  The 
point  where  pack  walls  have  been  reduced  to  about  one-third  of 
their  height  usually  follows  at  a  distance  of  about  200  feet  from 
the  working  face  when  the  face  is  in  continuous  operation.  If 
for  any  reason  a  section  of  the  mine  is  stopped  for  a  considerable 
period  of  time,  this  complete  subsidence  approaches  very  nearly 
to  the  face. 

We  might  add  here  that  this  mine  is  usually  in  operation 
during  every  working  day  in  the  year,  but  owing  to  dull  business 
during  1921  the  mine  was  idle  from  February  24  to  September 
16.  During  this  period  there  were  no  falls  of  consequence  at  the 
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face  and  it  was  comparatively  easy  to  get  the  mining  machines 
across  the  face  when  operations  were  resumed.  However,  as 
might  he  reasonably  expected,  the  advance  of  subsidence  caused 
the  slopes  and  roadways  at  the  face  to  he  partly  closed  and  it 
was  necessary  to  do  a  considerable  amount  of  brushing  in  order 
to  get  the  mine  cars  to  the  face. 

To  get  some  idea  of  the  cost  of  cleaning  up  falls,  brushing, 
and  retimbering  after  this  long  shut-down,  it  was  ascertained 
that  the  total  expense  of  this  work  which  was  all  that  was  re¬ 
quired  to  put  the  mining  sections  in  shape  to  produce  18,000  tons 
per  month,  was  $1035.  It  would  have  cost  many  times  as  much 
to  have  maintained  or  opened  up  sufficient  working  places  to 
have  produced  this  tonnage  under  the  old  room-and-pillar  system. 

In  the  operation  of  this  method  ordinary  mine  posts  are  used 
at  the  face  and  set  in  line  following  the  mining  machine  at  a 
distance  approximating  nine  feet.  After  the  coal  is  removed  by 
the  loader,  he  is  required  to  set  an  additional  post,  with  the 
result  that  there  is  a  row  of  posts  for  each  machine  cut,  at 
practically  4 y2  feet  from  center  to  center.  As  work  progresses, 
a  great  many  of  these  posts  are  recovered  and  used  again.  Some 
posts  are  left  until  bent  or  broken  when  it  is  desired  to  steady  the 
roof  in  waste  spaces. 

When  this  method  of  mining  was  introduced  in  this  mine,  it 
was  new  to  a  large  majority  of  the  workmen  and  was  viewed 
with  the  usual  amount  of  suspicion.  The  working  face  developed 
rapidly  and  considerable  difficulty  was  experienced  in  getting  men 
to  work  on  the  coal  face;  first,  for  the  reason  that  they  were  some 
what  dubious  about  the  safety  of  the  roof,  and  secondly,  because 
they  were  not  used  to  mining  coal  in  the  small  space  afforded  bv 
this  method.  The  average  dav’s  work  for  a  machine  loader  in 
the  room-and-pillar  system  was  nearly  eight  tons  a  day.  It  was 
confidently  expected  by  the  management  that  a  loader  would  load 
10  tons  a  day  in  the  long- wall  workings  as  easily  as  he  had  loaded 
eight  tons  in  the  rooms,  and  the  tonnage  rate  for  loading  coal  was 
fixed  at  9/11  of  the  usual  loading  rate.  It  recpiired  a  few  months 
to  train  loaders  so  that  they  could  load  eight  tons  a  day  in  the 
long-wall  workings  and  it  required  practically  18  months  before 
the  men  became  so  accustomed  to  the  work  that  they  laid  aside 
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their  prejudice  and  loaded  coal  at  the  rate  of  10  tons  a  day  and 
over.  But  from  that  time  on  until  the  beginning  of  the  year  1920, 
a  gradual  improvement  was  shown  as  indicated  by  the  tons  per 
man  average  shown  below : 


Year 

Tons 

Year 

Tons 

1910 . 

. 10.02 

1919 . 

. 12.57 

1917 . 

. 11.25 

1920 . 

. 14.38 

1918 . 

. 12.24 

It  might  be  added  that  during  1920  there  was  a  shortage  of 
men  at  this  mine  due  to  the  competition  of  other  high-paid  lines 
of  work,  and  that  the  loaders  remaining  in  this  mine  were  all 
dyed-in-the-wool  miners  who  would  not  work  at  other  lines  of 
work  and  that  they  were  given  all  possible  assistance  in  maintain¬ 
ing  their  high  output  per  man.  During  the  most  recent  opera¬ 
tion,  the  average  output  per  man  has  been  from  12  to  13  tons 
which  is  a  conservative  figure  and  insures  cleaner  coal  in  the 
mine  cars.  It  is  evident  that  the  loading  wage  at  this  mine  could 
be  adjusted  without  injustice  to  the  loaders  when  their  daily 
earnings  are  compared  with  other  operations.  The  usual  time 
allowed  for  brushing  the  roof  of  the  roadway  and  building  the 
packs,  which  includes  drilling  the  hole  if  the  material  can  be 
drilled  by  hand,  is  four  hours  each  to  two  men.  This  time  can 
be  improved  upon  by  a  few  very  rapid  workers,  but  that  is  the 
exception  rather  than  the  rule.  Usually  the  roof  is  so  hard  that 
a  machine  auger  is  required.  One  of  these  outfits  is  shown  in 
Fig.  1.  These  outfits  usually  drill  eight  or  nine  7- foot  holes  per  shift. 
With  respect  to  the  safety  and  accident  experience  at  this  mine, 
the  fatal  and  serious  accident  record  is  very  much  better  at  the 
face  since  the  adoption  of  the  long-wall  method.  In  fact,  a  fatal 
or  serious  accident  has  not  occurred  at  the  working  face.  Minor 
accidents,  such  as  cuts  and  bruises  on  hands,  feet,  and  legs,  have 
increased  very  considerably.  The  latter  is  no  doubt  due  to  the 
smaller  space  and  close  quarters  in  which  the  men  are  required 
to  work. 

The  experience  with  respect  to  mine  fires  is  that  on  one  oc¬ 
casion  a  break  in  the  roof  opened  to  such  an  extent  that  gas  came 
down  from  a  small  seam  of  coal  which  at  that  point  was  8  or  10 
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feet  above  the  main  seam  of  coal  and,  becoming  ignited,  in  turn 
ignited  the  small  seam  of  coal.  I  he  method  employed  in  fight- 
ing  this  fire  was  to  reduce  the  volume  of  air  at  that  point  and 
proceed  with  the  working  face  as  rapidly  as  possible.  In  a 
short  time  the  creeping  subsidence  completely  snuffed  out  the 
fire.  Their  experience  with  gas  in  this  method  of  working,  has 
been  fully  as  good  as  in  the  room-and-pillar  method,  if  not  better. 


Fig.  7.  Machine  Auger. 


One  incident  that  may  serve  to  illustrate  a  very  necessary 
point  of  caution  to  be  observed  by  those  opening  out  long-wall 
workings  occurred  sometime  after  a  mining-machine  section  had 
started,  after  a  considerable  period  of  suspension.  The  face 
moved  in  such  a  direction  that  caving  took  place  in  the  roof  meas- 
ures,  very  much  like  that  experienced  at  the  outset  of  the  opera¬ 
tion— that  is,  the  lower  roof  measures  settled  abruptly  on  the 
packs  and  left  an  overlying  space  which  filled  with  gas.  As  the 
work  progressed,  the  upper  measures  again  took  a  fall  or  seat, 
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with  the  result  that  the  gas  was  forced  down  a  very  small  break 
near  the  face.  It  became  ignited  and  caused  considerable  com¬ 
motion  and  several  minor  injuries  but  no  fatalities. 

During  the  past  year,  an  experiment  has  been  conducted  at 
this  mine  in  the  use  of  a  belt  conveyor  for  transporting  the  coal 
from  the  face  to  the  mine  cars.  A  general  idea  of  the  system  in 
use  or  contemplated  is  shown  in  Fig.  8.  A  sectional  belt  con- 


Fig.  8.  Long-Wall  Machine  Section  with  Belt  Conveyor. 


veyor  30  inches  wide  is  used  to  carry  the  coal  from  /the  face  to  a 
loading  conveyor  which  in  turn  conveys  the  coal  to  the  mine 
cars.  The  sketch  shows  the  method  of  transferring  the  cars  past 
the  discharge  point  of  this  conveyor  and  the  method  of  handling 
the  cars.  Cribs  four  feet  square  built  of  eight  by  eight  hardwood 
timbers  are  used  to  support  the  roof  at  the  face  a  sufficient  length 
of  time  to  protect  the  machinery,  after  which  they  are  withdrawn 
and  the  waste  area  allowed  to  cave. 

The  system  has  not  been  entirely  perfected,  but  enough  work 
has  been  done  to  show  that  the  face  can  he  maintained  and  worked 
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economically  when  kept  in  continuous  operation.  It  has  been  as¬ 
certained  with  certainty  that  a  loader  can  load  25  tons  of  coal 
on  the  belt  as  easily  as  he  can  load  12*/2  from  an  ordinary  road¬ 
way  into  a  mine  car,  and  this  figure  mav  he  surpassed  when  men 
become  more  accustomed  to  the  work.  Compared  with  the  other 
system  in  use  in  the  mine,  it  will  be  observed  that  at  least  halt  of 
the  loading  time  can  be  saved  and  that  the  machine  time  will  be 
the  same  for  a  500-foot  section;  that  it  will  require  six  men  to 
brush  the  roads,  and  move  the  cribs  ahead  on  one  shift  and  that 
on  the  next  shift  the  same  six  men  will  be  required  to  move  the 
conveyor  forward.  So  that  aside  from  the  loaders  and  machine 
men,  the  day  men  employed  will  be  one  timber  man  to  follow  the 
mining  machine,  and  six  to  build  cribs,  brush  roads,  or  move  the 
conveyor  as  the  case  may  be.  It  will  also  require  two  men  to  take 
care  of  the  back  brushing  and  other  up-keep  work  about  this 
system  of  mining.  \\  bile  the  coal  is  being  loaded,  it  will  require 
one  face  or  section  boss  to  look  after  the  general  safetv  of  the 
section  and  it  will  require  two  men  to  shift  the  mine  cars  at  the 
loading  point.  The  number  of  men  employed  having  been  out¬ 
lined,  the  cost  of  operation  can  be  ascertained  by  applying  the 
usual  scale  of  wages. 


LAYING  OUT  AND  OPENING  LONG-WALL  MINING 

A  great  deal  has  been  written  on  this  phase  of  the  subject 
and  most  books  on  mining  give  a  very  good  general  idea  of  the 
methods  usually  employed  in  laying  out  long-wall  mines.  An 
example  of  the  Scotch  long-wall  system  in  this  countrv  often  re¬ 
ferred  to  is  that  of  the  Spring  Valley  Bituminous  Collie  ries  Com¬ 
pany,  in  Bureau  County,  Ill.  For  anthracite  practice,  the  Bull’s 
Head  Anthracite  Collieries  Company,  Providence,  Pa.,  and  for  a 
triple  conveyor  system,  that  used  in  the  Vinton  Collieries,  Pa., 
are  examples.  This  subject  will  not  be  treated  generally,  but 
brief  mention  will  be  made  of  two  important  points  to  be  ob¬ 
served  from  an  operating  standpoint. 

1.  A  roadway  or  air  course  through  advancing  long-wall 
workings,  which  is  to  be  maintained  for  a  period  of 
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years,  should  never  be  located  near  a  coal  rib  for  the 
reason  that  the  settlement  is  not  as  complete  and  shear¬ 
ing  action  near  the  coal  rib  causes  frequent  falls  and  a 
high  maintenance  cost. 

2.  From  the  standpoint  of  local  drainage,  a  long-wall  face 
should  not  be  driven  directly  to  the  dip  or  rise,  but  the 
working  face  should  have  a  pitch  to  one  side  which  will 
allow  the  water  to  accumulate  at  one  side  of  the  section 
and  greatly  reduce  the  piping  and  pumping  expense. 


CONCLUSION 

Referring  to  the  previous  statement  concerning  giving  full 
effect  to  the  merits  of  the  long-wall  system,  it  should  be  observed 
that  the  full  effect  cannot  be  expected  until  the  management  and 
men  have  become  thoroughly  accustomed  to  the  system. 

Many  experiments  started  in  American  mines  by  inexperi¬ 
enced  managers  with  an  insufficient  supply  of  skilled  labor,  have 
resulted  disastrously.  This,  however,  should  not  deter  mining  men 
from  giving  full  consideration  to  the  merits  of  the  long- wall 
system  of  mining,  but  should  rather  serve  as  a  warning  that 
careful  preparation  should  be  made  and  all  details  thoroughly 
considered,  including  the  source  of  labor  supply.  If  careful  plan¬ 
ning  and  good  judgment  are  used,  the  system  can  be  adopted 
with  full  assurance  that  satisfactory  results  will  be  obtained  as 
regards  safety,  profit,  and  conservation. 


DISCUSSION 


Mr.  G.  B.  Southard:*  We  have  been  experimenting  in 
order  to  develop  our  system  for  long-wall  conveyor  mining,  but 
this  has  been  carried  out  to  such  a  small  extent  that  I  am  not  in  a 
position  to  give  much  of  a  description  at  the  present  time.  We 
are  now  using  a  modification  of  the  conveyor  system  shown  by 
Mr.  McCasland  excepting  that  instead  of  one  long  face  we  have 
two  short  faces  each  100  feet  long.  There  is  a  conveyor  laid 
along  each  face;  one  traveling  to  the  right  and  the  other  to  the 
left,  and  these  face  conveyors  discharge  onto  a  central  haulage 
conveyor  which  is  laid  in  a  heading  driven  at  right  angles  to  the 
faces.  This  haulage  conveyor  carries  the  coal  to  the  side  track 
and  discharges  into  the  mine  cars. 

We  are  using  the  caving  method  entirely,  making  no  at¬ 
tempt  to  hold  the  roof  except  at  the  working  face.  Our  roof 
conditions  are  such  that  the  top  would  break  rather  than  bend 
and  subside  so  we  endeavor  to  get  a  roof  break  about  ten  or 
fifteen  feet  back  from  the  face.  As  the  work  advances  and  the 
conveyor  is  moved  forward,  timbers  are  set  immediately  behind 
the  conveyor  and  the  last  row  of  timbers  farthest  from  the  face 
is  moved.  So  far  we  have  been  successful  in  having  the  roof 
break  at  the  last  line  of  timbers,  but  we  realize  that  our  work  has 
not  yet  passed  the  experimental  stagfe.  After  we  have  made 
sufficient  progress  so  that  a  description  would  be  worth  while  I 
shall  be  very  glad  to  give  it  to  this  Society  if  you  would  be 
interested. 

Mr.  Andrew  Orr  Bain  :f  I  am  sure  Mr.  McCasland  is  to 
be  congratulated  on  his  paper.  I  have  known  him  for  a  few 
years  and  know  something  of  the  long-wall  system  which  he  has 
had  charge  of  at  Steubenville. 

In  my  20  years’  experience  in  long-wall  mining  in  seams 
varying  from  17  inches  to  five  feet,  six  inches  in  thickness  I  have 
seen  the  following  cutting  machines  used  :  disk,  rotating  bar.  and 

♦Chief  Engineer,  West  Virginia  Coal  &  Coke  Co.,  Elkins,  W.  Ya 

' Coal  Inspector,  Duquesne  Works,  Carnegie  Steel  Co.,  Puqxiesne,  Pa. 
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chain.  These  were  used  for  undercutting  the  coal,  the  under¬ 
cutting  varying  under  different  conditions  from  three  feet,  six 
inches  to  five  feet  in  depth. 

It  is  a  pleasure  to  hear  that  Mr.  McCasland  has  now  adopted 
a  belt  conveyor  in  his  mine  and  I  am  confident  that  it  will  take 
only  a  short  time  to  prove  the  advantages  to  be  gained  through 
its  use.  Among  these  will  be  a  larger  percentage  of  lump  coal, 
cleaner  coal,  and  reduced  cost  of  loading. 

The  long-wall  system  has  great  advantages  over  the  room- 
and-pillar  system  in  that  the  maximum  output  desired  can  be 
obtained  in  a  much  shorter  period.  Other  points  in  its  favor  are 
the  total  extraction  of  coal  in  the  first  working;  the  reduced  cost 
of  timber ;  the  concentration  of  the  working  face,  and  the  re¬ 
duced  amount  of  trackage.  Furthermore,  the  air  passes  along 
the  working  face  so  that  the  miners  are  always  working  in  a  fresh 
current  of  air.  With  suitable  conditions,  face  conveyors  will 
always  prove  a  great  advantage. 

There  are  many  types  of  conveyors  which  have  'been  used 
with  success  in  long-wall  mining ;  among  these  are  the  belt  con¬ 
veyor,  the  trough  conveyor,  the  Gibb  carriage  conveyor,  and 
the  Thompson  slip  conveyor.  In  each  of  these  cases  the  brushing 
or  ripping  of  the  haulage  roadway  is  done  in  the  floor  and  the 
conveyor  loads  directly  into  the  mine  cars.  I  feel  confident  that 
Mr.  McCasland  will  find  the  conveyor  section  a  great  improve¬ 
ment  over  the  old  system  of  having  a  roadway  every  42  feet  in 
which  case  the  coal  was  shoveled  along  the  face  to  the  roadway 
and  then  into  cars. 

My  experience  in  England  and  Scotland  with  long-wall  faces 
has  been  somewhat  similar  to  that  shown  by  Mr.  McCasland. 
We  had  lone  conveyor  sections  with  only  one  roadway  at  each 
end  of  the  conveyor  face.  We  used  four  rows  of  posts  (staggered  ), 
at  all  times  withdrawing  the  row  of  posts  next  to  the  gob  (or 
waste)  as  soon  as  another  row  was  put  up  behind  the  machine  at 
the  face,  just  leaving  sufficient  room  for  the  machine  or  conveyor 
between  the  coal  face  and  the  last  row  of  posts.  By  this  arrangement 
the  weight  is  always  kept  moving  forward  on  the  coal  face  and, 
by  spragging  the  coal  after  the  machine,  the  coal  breaks  off  at 
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the  back  of  the  undercut  so  that  very  little  explosive  is  required. 

Another  point  to  be  considered  is  the  friability  of  the  coal, 
as  by  driving  the  face  in  a  certain  direction  to  the  cleavage  of  the 
coal  the  results  can  be  greatly  improved.. 

It  seems  to  me  that  the  time  is  ripe  in  Pennsylvania  for  the 
development  of  the  thinner  seams  by  the  long-wall  method  of 
mining,  but  someone  with  long-wall  experience  should  be  put  in 
charge  or  the  operations  may  prove  a  failure. 

!  Regarding  the  subsidence  caused  by  the  long-wall  method,  it 
is  quite  different  from  the  results  caused  by  the  taking  out  of 
pillars.  The  subsidence  is  quite  gradual  and  regular.  Let  me 
give  two  illustrations:  We  took  the  coal  out  completely,  by  the 
long-wall  method,  from  under  a  house  in  which  we  lived.  The 
walls  cracked  somewhat  but,  as  the  working  face  advanced,  these 
cracks  completely  closed  to  the  extent  that  you  could  not  put 
the  blade  of  a  knife  into  them.  In  another  instance  three  miles 
east  of  Glasgow,  Scotland,  the  main  coal  seam  which  had  been 
worked  many  years  before  by  the  room-and-pillar  method  was 
flooded  for  miles.  A  shaft  was  sunk  above  the  outcrop  of  this 
seam  and  passed  on  to  the  Kiltongue  seam  about  200  feet  below. 
This  200  feet  of  intervening  strata  was  composed  mostly  of 
sandy  shale  and  sandstone.  1  he  Kiltongue  seam,  which  varied 
from  two  feet,  six  inches,  to  three  feet  in  thickness  was  worked 
by  the  long-wall  method  under  this  area  of  old  workings  which 
j  were  flooded  with  water  and  there  was  no  trouble  experienced 
from  the  overlying  water. 

Mr.  W.  A.  Weldin,  Chairman:*  Mr.  Southard,  what  type 
of  conveyor  are  you  using? 

Mr.  G.  B.  Southard:  We  are  using  a  type  of  conveyor 
which  is  not  yet  on  the  market — one  that  was  especially  developed 
for  this  class  of  work.  It  is  a  modification  of  the  apron  type 
!  and  is  made  up  of  steel  pans  carried  on  rollers  running  on  a 
I  structuial  steel  frame.  1  he  frame  is  made  in  six-foot  sections 
qand  a  conveyor  can  be  assembled  with  a  length  in  any  multiple 
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of  six  feet.  All  parts  are  made  to  be  easily  connected  and  dis¬ 
connected,  so  that  no  difficulty  is  encountered  in  the  mine  in 
lengthening  or  shortening  the  conveyor  as  desired.  It  is  of  light 
construction  and  can  be  readily  moved  or  transported. 

It  is  electrically  driven  using  a  drive  chain  which  engages  a 
lug  on  the  bottom  of  the  pans.  The  driving  unit  is  made  com¬ 
plete  in  a  six-foot  section  and  this  driving  section  may  be  placed  at 
any  point  in  the  conveyor  as  it  is  the  same  length  as  the  main 
sections..  As  many  drive  sections  can  be  placed  in  the  con¬ 
veyor  as  may  be  required  so  that  it  is  possible  to  have  the  total 
length  as  much  as  500  or  1000  feet.  The  longest  conveyor  we  have 
at  the  present  time  is  300  feet,  in  which  are  three  drive  sections 
placed  100  feet  apart.  We  have  found  under  actual  operation 
that  these  three  driving  units  work  satisfactorily  and  the  total 
load  seems  to  be  evenly  distributed  among  them.  Wle  are  using 
about  1500  feet  of  this  conveyor  along  the  faces  and  in  the  haul 
ways,  and  as  the  operation  has  been  satisfactory  we  are  now  pro¬ 
ceeding  to  develop  an  all-conveyor  mine.  The  plans  are  for  an 
output  of  1000  tons  a  day  to  be  handled  entirely  without  mine 
cars,  the  coal  being  taken  from  the  face  to  the  tipple  by  con¬ 
veyors. 

Mr.  J.  W.  Paul  :*  The  paper  presented  by  Mr.  McCasland 
has  been  of  much  interest  to  me  and  there  are  several  questions 
I  would  like  to  have  him  answer. 

What  is  the  nature  of  the  overlying  strata,  not  only  im¬ 
mediately  on  the  coal  but  up  some  50  to  100  feet?  What  is  the 
actual  depth  of  the  cover?  In  regard  to  the  use  of  the  conveyor,  is 
the  coal  clean  or  is  it  necessary  to  remove  any  material?  If  any 
is  removed,  is  it  done  in  the  mine  or  on  picking  tables  on  the 
outside?  I  understand  that  is  one  of  the  conditions  under  which 
some  people  claim  they  have  not  been  able  to  use  the  conveyor 
successfully,  on  account  of  the  impurities  in  the  coal. 

I  have  had  the  opportunity  of  examining  a  number  of  long- 
wall  operations,  especially  in  Illinois,  and  there  the  system  used 
seems  to  be  most  admirable.  I  do  not  know  what  the  experience 

♦Mining  Engineer,  Pittsburgh  Experiment  Station,  U.  S.  Bureau  of 
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has  been  after  several  months  suspension  of  operations  in  the 
recovery  of  the  mine.  In  Oklahoma  a  somewhat  similar  plan  of 
long-wall  operation  with  the  use  of  the  conveyor  has  been  tried, 
and  in  a  number  of  mines  in  which  the  long-wall  system  has  been 
tried  with  conveyors  on  account  of  the  suspension  of  the  opera¬ 
tion  over  a  short  period  of  time  the  roof  has  sheared  near  the 
face  of  the  coal,  and  in  some  cases  conveyors  have  been  covered 
and  lost  under  heavy  falls ;  whereas  if  the  work  was  continuous 
no  trouble  was  experienced. 

Mr.  R.  W.  McCasland:  Concerning  the  overlying  strata, 
the  coal  seam  in  this  mine  of  which  I  spoke  is  overlaid  with  about 
IT  feet  of  sandy  shale.  At  times  there  are  streaks  or  fine  beds  of 
sand.  Above  that  is  about  25  fee t  of  sandstone.  Above  that 
are  a  number  of  thin  strata,  principally  of  a  fire-clay  nature,  so 
that  the  first  40  feet  is,  first,  IT  feet  of  sandy  shale,  then  sand¬ 
stone.  As  to  the  total  thickness  of  the  cover,  the  shaft  is  200 
feet  deep  and  it  is  located  near  the  river.  The  usual  cover  is 
about  500  or  600  feet ;  at  times  TOO  feet. 

There  is  a  very  hard  band  in  the  coal  about  6  to  10  inches 
over  the  bottom,  varying  from  one  to  two  inches  in  thickness, 
but  aside  from  that  there  are  no  great  impurities  in  the  coal.  This 
band  is  picked  out  by  the  miner  and  thrown  back  into  the  waste 
and  at  times  used  to  help  pack  the  walls. 

Mr.  G.  B.  Southard:  How  long  is  that  belt  conveyor? 

Mr.  R.  W.  McCasland:  As  shown  in  Fig.  2,  the  top  section 
where  the  belt  ^conveyor  starts,  is  about  400  feet  long.  I  intended 
to  widen  that  out  to  500  feet  from  center  to  center,  but  did  not 
do  it  for  operating  reasons.  This  mine  was  in  full  operation 
during  the  last  strike,  running  to  capacity  all  the  time,  and,  without 
going  into  details,  to  have  extended  the  belt  at  that  time  would 
have  resulted  in  a  reduced  tonnage.  W  e  thought  best  not  to  ex¬ 
tend  it  until  a  more  favorable  time.  There  was  nothing  whatever 
connected  with  the  operation  of  the  belt  or  the  control  of  the  roof 
that  was  discouraging.  W  e  were  not  able  to  advance  as  rapidly 
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as  we  wished  but  we  did  succeed  in  advancing  at  such  a  rate  that 
I  at  least  feel  sure  it  is  an  entirely  practicable  operation. 

We  had  thought  of  running  the  conveyors  both  ways  to  a 

central  loading  point  but  we  found  in  laying  out  the  work  that 
when  the  time  came  to  advance  the  machine  we  would  have  to 
disconnect  two  conveyors,  move  the  machine,  lift  the  rock  out 
of  the  roadway  about  12  feet  wide  and  3 J/2  deep  and  7  long,  build- 
ing  pack  walls  on  the  side  and  moving  up  the  machine  and  con¬ 
necting  the  sections  of  the  conveyor  to  the  machine;  and  we 
thought  that  was  too  big  an  undertaking  for  the  time  available, 
which  would  be  one  shift.  We  may  be  able  to  work  that  out. 
That  was  our  reason  for  running  thje  belt  one  way  instead  of  hav¬ 
ing  two  belts — to  be  sure  to  be  able  to  make  the  shift  in  one  night, 
from  the  time  the  men  left  at  night  until  they  came  around  the 
next  morning. 

Mr.  W.  A.  Weldin,  Chairman  :  Was  that  conveyor  a  unit 
or  in  short  sections? 

Mr.  R.  W.  McCasland  :  It  is  made  in  50-foot  sections.  The 
pins  do  not  run  through  the  entire  width  of  the  belt,  but  are  only 
pinned  on  the  side,  which  allows  the  belt  to  form  a  trough.  Those 
50-foot  sections  of  belt  weight  about  200  pounds  each,  and  when 
rolled  up  they  can  be  conveniently  moved  between  the  props  in 
moving  the  conveyor  ahead.  One  man  can  roll  it  up  quite  easily 
and  two  men  can  couple  it  up  very  rapidly. 

There  is  no  frame-work  excepting  for  the  head-frames  and 
a  short  frame  at  the  foot.  The  supports  are  independent  pedestals. 
The  center  of  the  top  rollers  is  16  inches  over  the  base.  These 
have  a  base  of  about  32  inches  and  they  have  sufficient  support 
so  there  is  no  particular  difficulty  in  keeping  them  in  position 
unless  an  unusually  large  lump  of  coal  gets  on  the  bottom  strand 
of  the  conveyor,  and  that  has  been  overcome  by  putting  a  small 
bar  across  the  conveyor  to  throw  large  lumps  off  the  belt. 

Mr.  W.  A.  Weldin,  Chairman :  You  have  in  the  conveyor 
section  comparatively  few  roadways  compared  with  the  usual 
section,  and  the  building  of  pack  walls  is  very  much  reduced. 
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Mr.  R.  \V.  McCasland:  There  are  really  only  two  road¬ 
ways  in  the  section,  the  main  roadway  12  feet  wide  requiring 
)extra  heavy  packing,  and  a  roadway  at  the  foot  of  the  conveyor. 
\ou  do  not  need  a  track  in  that  roadway  except  a  small  section 
to  mo\e  the  machinery  ahead.  We  think  in  time  it  will  he  neces¬ 
sary  to  have  cross-roads  between  these  two  roadways  as  they 
are  the  main  air  ways  and  it  will  he  necessary  to  have  a  cross 
gate  to  make  sure  that  the  air  current  shall  not  be  seriously  in¬ 
terrupted. 

Mr.  Newell  G.  Alford:*  1  would  like  to  ask  Mr.  Mc- 
Casland  if  his  loaders  do  any  other  work  besides  the  actual 
loading  of  coal.  Then  some  of  us  could  get  a  better  comparative 
idea  if  he  will  tell  us  the  number  of  man-hours  per  ton  that  apply 
in  loading,  day  work,  cutting  and  gathering.  Mr.  McCasland 
might  also  give  us  the  powder  and  timber  consumption  per  ton 
and  the  capacity  of  his  mine  cars. 


Mr.  R.  W.  McCasland:  They  are  required  to  set  additional 
posts  along  the  face  as  they  remove  the  coal.  The  timbermen 
follow  the  machine  and  set  posts  about  every  eight  or  nine  feet 
and  the  loader  is  supposed  to  set  the  additional  posts,  which  is 
not  \ ery  much  work.  In  addition  to  that,  they  have  to  drill  and 
shoot  the  coal  where  necessary,  and  there  is  a  little  of  that  work 
Tequired.  I  would  say  that  it  is  a  reduction  of  75  per  cent,  from 
what  it  is  with  room-and-pillar  mining.  It  is  only  occasionally 
that  the\  put  in  a  shot ;  not  enough  to  interfere  with  the  man 
working  in  the  next  face. 

As  to  the  timbering,  I  do  not  know  that  I  have  any  exact 
figures  in  comparison,  but  I  judge  it  is  about  75  per  cent.  The 
loader  is  supposed  to  relay  the  track,  although  the  section  boss 
may  give  him  a  little  help  in  a  difficult  situation.  The  face  is  cut 
3 V*  feet  at  a  time  and  he  may  have  a  pair  of  rails  that  will  not 
fit.  If  the  rails  are  the  right  length  he  is  supposed  to  relay  them.  If 
the  rails  are  close  to  the  face  and  the  mining  machine 

•Engineer,  Howard  N.  Eavenson  &  Associates,  Pittsburgh. 
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comes  along  it  would  interfere  with  that,  so  the  last  pair  of  rails 
is  generally  a  short  pair  and  the  loader  is  required  to  lay  those. 

When  you  get  a  real  miner  loading  coal  he  is  going  at  it  as 
hard  as  he  can  and  he  is  going  to  produce  results  much  above 
the  average  loader.  As  long  as  the  mining  scale  is  attractive 
it  will  attract  as  loaders  men  who  are  not  experienced,  which  will 
have  the  effect  of  reducing  the  mine  average.  It  is  desirable  to 
keep  it  down,  for  if  you  do  not  and  there  are  any  impurities  in 
the  coal  you  will  get  them. 

Mr.  Newell  G.  Alford  :  Did  you  find  any  antipathy  on  the 
part  of  the  men  when  you  first  installed  the  conveyors? 

Mr.  R.  W.  McCasland  :  Some,  but  not  to  the  extent  we 
did  when  we  started  the  long-wall  system.  All  the  actual  anti¬ 
pathy  arose  from  the  desire  to  keep  the  men  on  the  day-work 
basis.  Most  of  our  loaders,  are  receiving  about  74.5  cents  a  ton 
and  making  from  $9  to  $12  a  day,  and  they  are  not  at  all  anxious 
to  go  on  day  work  at  $7.50. 

Mr.  J.  W.  Paul  :  What  percentage  of  the  material  removed 
in  brushing  is  brought  to  the  surface  ? 

Mr.  R.  W.  McCasland:  None  whatever.  It  is  entirely 
used  in  the  packs. 

Mr.  J.  W.  Paul  :  There  are  a  number  of  long- wall  mines 
where  a  large  percentage  of  the  material  is  brought  to  the  surface. 
What  is  the  ratio  between  the  number  of  loaders  employed  in  the 
mine  and  the  number  of  day  laborers? 

Mr.  R.  W.  McCasland  :  Three  to  two,  perhaps.  I  would 
rather  think  of  that  before  answering. 

Mr.  J.  W.  Paul:  What  effect  does  the  long-wall  method 
have  on  the  surface  under  which  you  have  mined  coal?  Is  the 
subsidence  manifest? 
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Mr.  K.  \V.  McCasland:  Not  that  I  know  of.  The  surface 
is  rather  rough  and  I  have  never  heard  of  any  one  being  able  to 
locate  a  subsidence  on  the  surface. 

Mr.  f.  \Y.  Paul:  Do  you  work  under  streams  or  bodies  of 
water  and  have  you  had  any  inflow  of  water? 

Mr.  R.  \Y.  McCasland:  Yes,  we  start  at  the  river  and 
under  river  hills.  Any  time  we  have  had  a  flow  of  water  it  has  soon 
been  shut  off  completely  by  the  advance  of  subsidence. 

Mr.  J.  YY,  Paul:  Is  the  surface  owned  by  the  operating 

company  ? 

Mr.  R.  \Y.  McCasland:  Xo,  the  coal  is  owned  in  fee  and 
I  think  there  have  been  no  springs  lost  or  any  visible  damage  on 
the  surface  or  we  would  have  heard  of  it. 

Mr.  T.  W.  Paul:  Is  the  surface  suitable  for  farming  pur¬ 
poses  ? 

Mr.  R.  \Y.  McCasland:  Part  of  it.  If  you  will,  I  should 
like  you  to  tell  us  some  of  your  own  experience  concerning  sub¬ 
sidence  in  Illinois,  being  a  flat  country,  whether  the  advanced  line 
of  subsidence  is  in  advance  of  the  face  or  directly  over  it  or 

behind  it. 


Mr.  J.  \V.  Paul:  A  record  of  some  of  the  observations 
taken  in  Illinois  will  be  found  in  some  of  the  recent  Proceedings 
of  the  American  Institute  of  Mining  and  Metallurgical  Engineers. 
The  United  States  Bureau  of  Mines  and  the  state  of  Illinois  have 
been  co-operating  in  taking  observations  for  about  six  years  in 
parts  of  the  Illinois  coal  field  in  the  northern  or  long-wall  section  of 
the  state,  and  the  room-and-pillar  operation  in  the  southern  section. 
The  subsidence  is  very  manifest  on  the  surface  of  these  operations. 
The  depth  of  the  coal  ranges  from  300  to  GOO  feet.  In  the 
long-wall  workings  the  subsidence  on  the  surface  follows  some 
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little  distance  behind  the  face  of  the  coal.  It  is  appreciable  to 
the  eye.  At  one  particular  place  the  workings  passed  under  a 
large  district  high-school  and  caused  a  number  of  cracks  in  the 
building  as  the  subsidence  started  under  it.  But  after  the  wave 
had  passed,  all  those  cracks  closed  and  I  think  there  is  only  one 
crack  now  that  can  be  observed  and  that  is  in  the  foundation. 
It  was  a  brick  building  with  a  concrete  foundation  and  in  some 
parts  of  the  building  on  the  second  floor  the  cracks  were  as  much 
as  two  inches  wide.  Now  the  subsidence  has  ceased,  the  build¬ 
ing  has  come  back  into  good  condition,  and  apparently  has  not 
suffered  any  permanent  damage. 

On  the  contrary,  the  room-and-pillar  method  is  destructive 
to  the  buildings  on  account  of  the  irregularity  of  the  subsidence 
and  the  unevenness  of  it ;  so,  in  Illinois,  it  has  been  found  that 
the  subsidence  caused  by  long- wall  mining  in  much  less  harmful 
to  the  surface  and  to  buildings.  It  is  my  opinion  that  subsidence 
over  room-and-pillar  operations  can  be  made  more  uniform  by 
establishing  longer  break  lines,  and  by  the  complete  removal 
of  the  pillars  of  coal.  The  loss  of  pillar  coal  in  many  mines  is 
due  to  the  use  of  pillars  that  are  too  small. 

Mr.  E.  C.  Hulbert  :*  A  few  years  ago  1  was  asked  to  testify 
in  a  case  brought  in  the  ETnited  States  court  at  Chicago  by  the 
Marquette  Portland  Cement  Company,  which  was  operating  a 
limestone  mine  at  Oglesby,  Ill.,  asking  an  injunction  against  the 
Oglesby  Coal  Company  which  was  operating  a  coal-mine,  on  the 
long-wall  system,  about  400  to  500  feet  below  the  limestone  mine, 
claiming  that  the  .subsidence  of  the  strata  above  the  coal  was 
ruining  their  limestone  mine  and  rendering  it  very  dangerous 
to  operate. 

I  made  an  examination  of  the  limestone  mine  and  found 
the  floor  of  the  mine  had  subsided  in  places  as  much  as  18  inches 
and  the  walls  were  considerably  cracked  and  broken,  making  the 
operation  of  the  mine  very  unsafe. 

The  court  granted  the  injunction,  but  the  matter  was  ad¬ 
justed  later  by  the  cement  company  buying  out  the  coal  company. 


♦Civil  Engineer,  Crescent-Portland  Cement  Co.,  Wampum,  Pa. 


1922] 


DISCUSSION — LONG  WALL  SYSTEM  OF  MINING 


449 


Mr.  W.  A.  Weldin,  Chairman :  I  hesitate  to  raise  die 
question  of  costs,  yet,  as  the  speaker  pointed  out,  the  object  of 
the  operation  is  to  make  money,  and  even  thougli  we  have  a 
superior  method  of  mining,  we  cannot  ignore  the  matter  of  cost. 
Mr.  McCasland  you  need  feel  under  no  obligation  to  answer  my 
question,  but  could  you  give  us  any  idea  as  to  whether  in  chang¬ 
ing  from  room-and-pillar  to  long-wall,  or  in  a  new  mine,  it  would 
necessarily  entail  any  increase  in  the  cost  of  mining? 

Mr.  R.  W.  McCasland:  I  would  say  in  a  general  way  that, 
starting  with  a  lot  of  new  and  inexperienced  men,  it  will  cost 
more  during  the  period  in  which  you  are  training  your  men ;  but 
there  can  be  no  reason  why  the  cost  should  not  be  lower  by  the 
long- wall  method  if  there  is  an  equitable  rate  for  cutting  and 
loading  the  coal.  In  our  mine  the  cutting  is  just  one-half  the 
breast-machine  rate  and  the  cutters  make  a  wage  that  compares 
very  favorably  with  the  cutters  in  other  mines  operating  short- 
wall  machines,  to  say  nothing  of  breast  machine. 

To  be  entirely  fair  with  the  miners,  I  do  not  believe  an  inex¬ 
perienced  long-wall  miner,  even  though  he  may  be  experienced 
otherwise,  can  go  into  the  mine  and  immediately  earn  as  much 
as  he  will  otherwise.  I  think  the  figures  I  gave  you  concerning 
this  mine  will  bear  that  out.  It  takes  a  considerable  length  of 
time  for  them  to  learn  and  to  get  used  to  the  closer  quarters ; 
but  it  is  also  proved  that  they  will  load  at  least  12  tons  as  com¬ 
pared  with  six  or  eight  in  a  room-and-pillar  system.  If  you  can  get 
an  equitable  adjustment  of  your  mining  rates  that  i>  enough  to  pay 
for  the  extra  cost,  you  save  on  your  yardage  and  dead  work. 
One  thing  about  it,  you  pay  as  you  go  or  you  don't  go,  while  in 
room-and-pillar  work  there  are  some  things  that  you  can  put  off. 
The  extra  expense  of  carrying  it  as  you  go  along  is  mainly  to 
keep  the  air  course  open,  which  I  believe  is  lighter  in  long-wall 
that  it  would  be  in  room-and-pillar  work.  Of  course  your  vary¬ 
ing  roof  and  floor  conditions  affect  the  result  so  you  cannot  make 
absolute  statements. 

Our  loading  rate  is  9/11  of  the  usual  loading  rate  in  that  dis¬ 
trict  and  the  figures  per  man  show  that  that  rate  is  too  high.  The 
hauling  of  the  coal  requires,  as  I  said,  practically  the  same  number 


4:>0 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Dec. 


of  men.  You  have  the  same  number  of  men  at  the  haulage  and  the 
same  number  at  the  shaft  and  tipple  and  the  increased  number 
of  day  men  is  offset  by  the  saving  in  yardage  and  dead  work. 
In  13  places  there  will  be  26  loaders.  Each  of  these  roads  will 
have  to  be  brushed  every  other  cut.  It  requires  the  equivalent 
of  one  man  to  do  that.  Two  work  together,  so  it  requires  two 
men  one-half  shift  to  brush  the  road — two  brushers,  one-half  day 
on  each  of  those  13  roads ;  that  is,  63Y  days  per  machine  cut. 
That  is  if  the  material  is  soft  enough  so  that  he  can  drill  and 
load  bv  hand.  If  it  is  hard,  it  will  require  a  drilling  crew  for 
seven  or  eight  brushers.  I  think  that  can  be  improved  on  by  im¬ 
proved  mechanical  methods,  but  that  is  what  is  actually  required. 
In  addition  to  these  6^2  days  in  following  up  your  motor  road 
and  putting  it  in  shape  so  that  it  will  remain  a  permanent  road 
you  would  have  two  men  on  what  we  call  back  dressing.  The 
varying  item  in  the  cost  is  due  to  the  nature  of  the  material  you 
have  to  brush. 

Mr.  W  .  A.  Weldin,  Chairman :  There  is  one  phase  of  the 
subject  that  has  not  been  touched  upon,  and  that  is  modified  long- 
wall.  You  know  there  are  attempts  to  get  away  from  the  build¬ 
ing  of  pack  walls,  etc.,  by  various  schemes  and  a  favorite  way 
is  to  drive  these  roadways  very  much  the  way  Mr.  McCasland 
sketched  in  his  general  scheme  for  the  conveyor,  but  in  solid  coal 
with  a  long  face  between  these  two  headings,  and  with  a  conveyor 
across,  the  roof  is  caved  as  the  face  advances,  keeping  chain 
pillars  and  barrier  pillars  along  the  heading  until  the  retreat.  Has 
any  one  here  had  any  experience  along  that  line  ?  It  occurs  to  me 
there  would  probably  be  a  difficulty  right  at  the  junction  of  the 
caving  with  the  roadway.  In  some  sketches  we  see  the  haulage 
way  is  outside  the  pillar  right  along  the  edge  of  the  caved  area. 
It  is  evidently  an  endeavor  to  include  all  the  advantages  of  the 
long-wall  system  without  actually  going  into  long-wall. 

Mr.  G.  B.  Southard  :  We  mined  the  first  experimental  face 
to  a  depth  of  about  200  feet  and  supported  the  haulage-way  with 
cribs  along  one  side.  The  other  side  of  the  haulage- way  was  a  solid 
rib  of  coal.  This  was  in  the  caving  method  and  we  found  the 


192-.’ J 


DISCUSSION — LONG-WALL  SYSTEM  OF  MINING 


451 


cribs  were  satisfactory  for  breaking  the  top  along  the  back  and  at 
the  same  time  maintaining  the  roof  over  the  haulage-way  along  the 
front  side. 

Mr.  W.  A.  Weldin,  Chairman  :  You  have  a  barrier  on  the 
other  side  of  the  heading? 

Mr.  G.  B.  Southard:  Yes,  on  the  other  side  of  the  pillar. 
Where  we  are  now  working  the  faces  were  first  stepped  or  offset 
about  thirty  feet,  but  we  have  reduced  this  step  to  about  twenty 
feet  in  order  to  reduce  the  amount  of  cribbing  necessary  to  main¬ 
tain.  We  find  that  the  cribs  are  more  expensive  to  build  and  to 
remove  than  posts,  and  in  order  to  eliminate  some  of  this  ex¬ 
pense  we  are  now  beginning  to  use  heavy  timbers  instead  of  the 
cribs.  These  cribs  and  heavy  timbers  are  used  to  protect  the 
main  conveyor  where  it  extends  past  the  first  face  to  the  con¬ 
veyor  on  the  second  face. 

Mr.  W.  A.  Weldin,  Chairman  :  How  are  the  various  faces 
related  to  each  other?  Is  there  a  haulage-way  and  then  a  face, 
then  another  haulage-way  and  another  face? 

Mr.  G.  B.  Southard:  The  haulage  or  main  conveyor  is  laid 
in  an  entrv  which  runs  at  right  angles  to  the  direction  of  the  faces. 
The  faces  are  each  100  feet  long;  one  to  the  right  and  the  other  to 
the  left  of  the  main  conveyor.  This  entry  is  driven  through  solid 
coal  and  the  faces  are  worked  retreating.  All  the  coal  is  removed 
and  the  timbers  are  taken  out  to  within  13  feet  of  the  face  and  the 
roof  allowed  to  break.  Our  first  experimental  face  was  13  feet 
long  and  the  operation  there  was  entirely  successful.  The  faces 
we  are  now  working  are  100  feet  long,  but  this  distance  may  be 
increased  or  diminished  as  subseciuent  results  may  determine.  In 
other  words,  our  present  efforts  are  to  determine  what  length 
of  face  is  best  suited  to  our  conditions. 

Mr.  W.  A.  Weldin,  Chairman :  Your  system  might  be 
described  as  the  long-wall  retreating  method.  You  take  a  clean 
sweep  of  the  territory  and  have  your  roadway  driven  in  advance 
through  the  coal,  and  you  are  coming  back. 
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Mr.  G.  B.  Southard  :  I  do  not  know  what  the  right  name  is. 
It  is  hardly  a  true  long-wall,  but  it  could  probably  be  classed  as 
a  modified  long-wall.  Of  the  examples  described  by  Mr.  Me- 
Casland  our  method  most  nearly  approaches  his  conveyor  method 
except  that  we  use  two  facie  conveyors,  discharging  onto  a 
central  conveyor ;  whereas  he  used  one  face  conveyor  discharging 
onto  an  end  conveyor.  Furthermore,  his  method  was  advancing 
while  ours  is  retreating. 

Mr.  W.  A.  Weldin,  Chairman :  I  had  in  mind,  when  I 
referred  to  modified  long-wall,  an  advancing  system  with  pro¬ 
tecting  pillars  left  and  chain  pillars  between  headings.  Mr.  Paul 
are  you  familiar  with  any  of  these  methods? 

Mr.  J.  W.  Paul  :  I  know  a  case  in  this  state  where  they 
have  attempted  to  work  a  long-wall  panel  advancing.  It  is  a 
mechanical  success,  at  least.  In  some  of  the  central  western 
states,  especially  Oklahoma,  where  they  have  the  pitch,  they  have 
successfully  used  the  long-wall  panel  retreating ;  and  in  cases 
where  there  was  sufficient  to  allow  slides,  that  made  it  easy  to 
handle  the  coal.  In  some  other  cases  they  used  water  to  flush 
it  down. 


LOCAL  EARTH  MOVEMENTS  IN  WESTERN 

PENNSYLVANIA 

By  Leonard  F.  Bechtel* 

I  dou'bt  if  there  is  any  other  of  the  commonplace  subjects 
with  which  the  construction  engineer  has  to  deal  which  causes 
as  much  perplexity  and  anxiety  as  the  treatment  of  slips.  1 
call  it  commonplace  because  in  sections  having  such  topography 
as  Western  Pennsylvania  there  can  be  no  disturbance  of  the 
earth  surface  without  at  least  some  hazard  of  producing  slips, 
the  extent  of  which  will  be  determined  by  the  magnitude  of  the 
work  and  the  topography  of  the  country. 

Methods  of  treatment  cause  great  perplexity  and  anxiety, 
'because  they  cannot  be  reduced  to  rules  and  mathematical  solu¬ 
tion,  but  must  depend  on  individual  sagacity  and  experience. 
The  difficulties  are  increased  because  the  causes  are  very  often 
concealed  and  not  suspected  until  movement  actually  occurs. 
In  general,  the  cause  of  most  slips  is  a  lack  of  free  passage  for 
water,  and  we  would  conclude  that  nearly  all  slips  can  be  cured 
or  prevented  by  adequate  drainage,  which  seems  very  simple 
and  logical  and  regarding  which  we  may  all  agree,  but  any  body  of 
engineers  might  easily  find  itself  divided  on  questions  regarding 
the  location  and  character  of  drains. 

It  would  appear  to  be  axiomatic  that  the  subject  admits 
of  no  general  treatment,  but  that  each  slip  is  a  problem  of  its 
own  and  must  be  treated  after  thorough  investigation  of  its 
characteristics  as  to  topography,  soil,  and  sources  of  water. 
Slips,  however,  do  admit  of  some  classification  as  to  their  general 
characteristics,  and  in  considering  them  we  may  separate  them 
into  two  general  classifications — natural,  and  artificial. 

The  first,  or  natural,  I  should  define  as  those  movements  of 
earth  from  positions  and  locations  as  arranged  bv  natural  forces. 
Then,  in  addition  to  this,  it  seems  to  me,  from  such  experience 
as  I  have  had  with  slips,  that  natural  slips  can  be  again  separated 
into  what,  for  the  sake  of  better  terms,  I  have  taken  the  liberty 
of  calling  superficial  slips  and  fundamental  slips. 


♦Chief  Engineer,  Allegheny  County  Road  Department,  Pittsburgh. 
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Superficial  slips  I  should  like  to  define  as  those  movements 
of  small  bodies  of  earth  along  the  surface  of  more  stable  under¬ 
lying  formations,  usually  accumulating  other  small  bodies  and 
finally  forming  an  avalanche-like  mass.  These  accumulate  great 
momentum  and  often  occur  in  short  periods  of  time. 

Fundamental  slips  are  those  portions  of  the  earth’s  surface 
which  move  for  lack  of  sufficient  stability  of  foundation  to 
support  the  moving  body  of  earth.  These  are  usually  very  slow 
in  their  movement  and  generally  periodical. 

Artificial  slips  can  readily  be  understood  to  be  those  bodies 
of  earth  placed  in  given  locations  by  artificial  means  and  refus¬ 
ing  to  remain  so  placed. 

As  previously  stated,  it  seems  impossible  to  discuss  this 
subject  adequately  in  the  abstract.  Something  may  be  accom¬ 
plished,  however,  by  citing  such  examples  of  slips,  which  have 
occurred  in  this  vicinity  and  under  my  observation,  as  may  il¬ 
lustrate  each  of  the  previously  suggested  classifications,  taking 
into  consideration  the  probable  causes,  the  extent,  and  the 
means  of  control.  I  have  selected  slips  occuring  in  various 
sections  of  Allegheny  County  and  as  each  one  is  considered  we 
shall  attempt  to  determine  its  classification. 

First,  I  should  like  to  call  attention  to  the  slips  occurring 
along  the  Glenfield  road,  going  west  along  the  Ohio  River  from 
Glenfield  station  to  Sewickley.  This  hillside  is  inclined  to  slip 
down  onto  the  road  for  nearly  its  entire  length,  and  large  quan¬ 
tities  of  earth  are  removed  annually.  There  seems  to  be  no 
movement  of  the  road  itself,  but  varying  sized  masses  are  de¬ 
posited  from  above.  A  careful  examination  of  this  hillside  in¬ 
dicated  a  series  of  substantial  shale  ledges  arranged  like  steps 
to  a  flat  or  bench  above.  All  of  these  rock  ledges  discharge  con¬ 
siderable  water  at  all  times,  especially  during  the  spring  season. 
The  bench  above  is  flat  in  some  places  and  even  swampy.  Slip¬ 
ping  from  time  to  time  has  caused  large  cracks  along  the  edge 
of  the  flat  above  and  at  various  places  along  the  slope,  which 
easily  prevent  the  flow  of  water  from  a  large  and  rapidly  dis¬ 
charging  drainage  area,  thoroughly  saturating  the  loose  clayey 
overlying  soil  until  it  becomes  an  almost  fluid  mass  for  a  con¬ 
siderable  depth,  and,  like  all  fluids,  attempts  to  find  its  level. 
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I  should  classify  this  as  under  the  head  of  natural-superticial. 
Now  to  control  such  a  slip  as  this  would  require  very  extensive 
treatment  which  on  private  properties  might  present  difficulties 
and  cause  expenditures  greater  than  would  he  warranted,  but 
some  of  these  slips  involve  a  considerable  hazard  to  life  and  I 
am  confident  fully  justify  a  systematic  and  extensive  treatment. 
It  is  my  opinion  that  a  system  of  diagonal  lateral  tile  drains 
placed  in  deep  trenches  filled  with  stones  or  gravel  and  dis¬ 
charging  into  a  larger  drain  placed  in  the  natural  water  courses, 
and  the  confining  of  the  waters  on  the  bench  above  will  effect- 
ually  stop  these  slips. 

Passing  along  this  same  bluff  to  the  most  recent  slip  which 
occured  within  the  limits  of  the  borough  of  Glenfield  we  find 
practially  the  same  condition ;  a  great  mass  of  earth — the  ac¬ 
cumulation  of  loose  material  from  an  elevation  of  probably  200 
feet  above — becoming  thoroughly  saturated  with  water,  moving 
down  until  the  road  passage  is  partly  blockaded,  carrying  with 
it  trees  and  steps  of  private  dwellings  and  just  missing  the 
foundation  of  the  dwelling.  I  want  to  call  attention  to  this 
slip  because  it  seems  to  me  that  the  location  of  a  water  line 
for  the  supply  of  the  dwelling  has  in  a  large  measure  influenced 
the  slip.  The  dwelling  is  supplied  with  water  from  a  spring 
near  the  brow  of  the  hill  by  means  of  a  half-inch,  wrought-iron 
pipe  carried  diagonally  down  the  face  of  the  hill  and  into  the 
house.  Now,  it  seems  significant  to  me  that  the  center  of  slip¬ 
ping  should  have  been  just  about  where  this  pipe-line  terminates. 
The  outside  surface  of  a  pipe-liiTe  such  as  this  forms  a  very 
convenient  passage  for  water,  and  the  ditch  itself  in  which  the 
line  is  carried  would  have  a  tendency  to  divert  the  water  along 
the  line  of  the  pipe  and  concentrate  it  near  the  dwelling  and 
at  least  hasten  the  slipping.  There  is  no  doubt  in  my  mind 
but  what  the  extent  of  the  slip  would  have  been  considerably 
less  had  proper  drainage  passage  been  provided  for  the  ditch 
in  which  the  pipe  is  laid.  The  slip  could  undoubtedly  have  been 
prevented  by  a  system  of  diagonal  drains. 

I  would  like  to  continue  our  journey  across  the  Sewickley 
bridge,  turning  to  the  right  to  the  Narrows  Run  road  which  is 
constructed  on  a  ledge  above  the  Pittsburgh  &  Lake  Lrie  Rail- 
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road  and  close  to  an  almost  vertical  bluff  rising  to  a  height  of 
about  100  feet.  This  road  is  continually  slipping  away  and 
settling  in  various  places  and  is  very  difficult  to  maintain.  Un¬ 
doubtedly  a  retaining  wall  is  advisable  between  the  highway 
and  the  Pittsburgh  &  Lake  Erie  Railroad  because  in  some  places 
it  is  impossible  to  secure  the  natural  slope  of  ll/2  to  1.  The  slopes 
as  they  now  stand  are  about  1  to  1,  but  I  am  convinced  that  an 
extensive  drainage  plan  (by  drainage  I  mean  confining  the 
surface  waters  and  securing  proper  discharges  for  them,  and  in 
addition  cutting  off  the  ground  water  for  a  considerable  depth 
below  the  surface)  would  almost  entirely  obviate  this  difficulty. 

I  should  like  next  (to  call  attention  to  a  very  extensive  slip 
on  the  new  state  highway  about  one  mile  east  of  Carnot.  This 
location  is  one  where  the  road  is  cut  around  the  brow  of  a 
hill,  which  slopes  both  above  the  road  and  below  the 
road  at  about  a  1  to  1  slope  for  a  distance  of  probably  100  feet 
to  a  creek.  In  the  construction  of  the  highway  it  was  neces¬ 
sary  to  secure  some  additional  width  of  road  by  filling  over  the 
edge.  This  was  accomplished  by  using  the  shale  and  clay  ma¬ 
terial  from  the  excavation  in  the  vicinity.  After  the  road 
had  been  entirely  completed  the  rains  came  and  the  filled  founda¬ 
tion  of  the  road  slipped  out,  carrying  with  it  large  trees  and 
considerable  heavy  undergrowth  and  piling  a  great  mass  of 
earth  at  the  creek  below,  undermining  the  highway  for  nearly 
half  its  width.  The  unfortunate  part  of  this  situation  is  that 
the  nature  of  the  ground  makes  it  impossible,  or  rather  im¬ 
practicable,  to  fill  far  enough  to  secure  a  slope  of  iy2  to  1.  The 
best  that  can  be  secured  is  the  natural  slope  of  the  ground, 
which  is  about  1  to  1.  The  question  of  remedying  such  a  slip  is 
one  which  admits  of  considerable  argument  and  just  exactly 
what  is  best  to  do  is  a  problem.  It  was  deemed  advisable,  first, 
to  determine  the  nature  of  the  underlying  strata  and  four  well 
holes  were  drilled  from  an  elevation  about  30  feet  below  the 
road  level.  These  holes  were  drilled  to  the  solid  rock,  which 
was  encountered  at  85  feet.  At  a  depth  of  50  feet,  soft  red  clay 
was  encountered  and  below  this  a  considerable  amount  of  water. 
It  was  deemed  advisable  to  place  charges  of  dynamite  in  these 
holes  and  shoot  up  the  underlying  rock,  .breaking  up  the  water 
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courses  which  had  been  formed  and  allowing  the  water  to  fall 
to  a  lower  level,  drying  out  the  strata  immediately  underlying 
the  necessary  fill.  This  has  been  accomplished  with  some  suc¬ 
cess  and  it  is  now  the  intention  to  replace  the  slipped  material  with 
slag.  It  is  my  opinion  that,  if  this  new  material  is  properly 
placed,  a  sufficient  foundation  will  have  been  obtained  to  carry 
the  road-bed. 

Throughout  the  whole  of  Western  Pennsylvania  the  faces 
of  all  our  hills  show  considerable  evidence  of  slippage  from 
time  to  time.  Most  of  the  cases  which  I  have  seen  come  under 
the  same  classification  as  the  instances  which  have  just  been 
mentioned,  and  it  is  my  opinion  that  by  far  the  best  plan  of 
remedy  and  prevention  is  careful  and  extensive  drainage  systems. 
Retaining  walls  and  piling  are  very  often  effective,  but  are  very 
expensive  and  sometimes  fail  to  effect  the  remedy  desired.  There 
are  instances  when,  in  my  opinion,  very  simple  and  not  expensive 
methods  could  be  used  to  prevent  slips  which  have  caused  great 
damage  and  great  expense.  I  have  in  mind  one  which  occurred 
this  spring  on  our  Elkhorn  &  Monongahela  road,  near  Mononga- 
hela  City.  The  road  at  this  point  is  built  along  the  side  of  a 
very  steep  hill,  with  the  Pittsburgh  &  Lake  Erie  Railroad  im¬ 
mediately  below  it.  The  road-bed  is  supported  by  means  of  a 
very  light  retaining  wall,  somewhat  in  the  nature  of  a  curtain 
wall.  Ten-inch  well  casings  were  drilled  into  solid  rock  and  filled 
with  concrete,  having  been  spaced  four  feet  on  centers,  wrapped 
with  reinforcing  metal  and  encased  in  concrete,  forming  a 
retaining  wall  and  parapet.  At  one  point,  where  the  precipice 
rises  about  400  feet  almost  vertically  to  a  township  road  above, 
the  whole  hill  came  down  after  it  had  been  thoroughly  saturated 
from  the  spring  rains,  blocking  the  highway,  filling  it  to  a 
height  of  20  feet,  breaking  the  wall  above  mentioned,  bending  the 
well  casings  at  right  angles  and  depositing  a  great  mass  of  mud 
on  the  railroad  tracks  below.  This  is  probably  the  most  expen¬ 
sive  slip  which  has  come  to  my  attention,  and  I  believe  it  was 
caused  entirely  by  the  concentration  of  surface  water,  from  the 
township  road  above,  which  was  allowed  to  discharge  at  this 
point  saturating  the  entire  mass  until  finally  it  was  unable  to 
sustain  its  own  weight. 
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In  referring  to  the  slip  at  Glenfield  and  the  water  line  which, 
crosses  it,  it  seems  to  be  of  some  significance  to  observe  that 
at  this  point  a  six-inch  oil  or  gas  line  passes  vertically  down 
this  bluff  and  across  the  location  of  the  slip.  It  seems  to  me 
very  probable  that  this  gas  line  helped  to  concentrate  the  water 
in  this  location.  This  factor  of  water  lines  concentrating  water 
may  seem  to  be  insignificant,  and  in  some  measure  it  is,  but  my 
observation  has  been  that  water  passages  gradually  increase ; 
that  is  to  say,  the  volume  of  water  which  any  passage  would  lie 
likely  to  discharge  is  very  apt  to  be  increased  each  suc¬ 
ceeding  year  until  finally  so  much  has  accumulated,  and  the  fis¬ 
sures  in  the  earth  have  been  opened  to  such  an  extent,  that  the 
whole  mass  loses  its  stability.  I  am  thoroughly  convinced  that 
a  well  constructed  gutter  which  would  gather  the  whole  dis¬ 
charge  from  the  township  road  above,  and  the  proper  conveying 
of  this  discharge  down  the  full  face  of  the  bluff,  would  entirely 
have  prevented  two  slips  which  occurred  in  this  location  and 
cost  in  the  neighborhood  of  $10,000. 

The  theory  that  water  accumulates  from  year  to  year,  and 
finally  causes  slipping,  is  verified  by  the  continual  occurrence  of 
slips  in  what  have  been  considered  well  compacted  road-beds, 
which  have  remained  intact  for  a  considerable  period  of  years 
until  suddenly  the  whole  mass  settles. 

There  are  three  methods  for  the  prevention  of  slips. 

The  one  previously  mentioned  is  adequate  drainage.  There 
is  no  doubt  in  my  mind  that  a  well  drained,  perfectly  dry  em¬ 
bankment  will  retain  itself  at  the  correct  slope ;  provided,  of 
course,  the  foundation  is  sufficient  to  carry  it. 

Another  method  is  furnishing  a  retainer.  This  is  by  far 
the  most  expensive  and  very  often  the  least  satisfactory  method. 

The  third  method  is  in  the  preparation  of  the  foundation 
upon  which  the  embankment  is  to  be  placed.  It  seems  to  me  ti 
be  very  often  considered,  in  placing  considerable  quantities  o’" 
earth  in  new  locations,  that  the  embankment  is  merely  a  dump :  and 
thus  proper  precaution  and  care  in  placing  are  very  often  lack¬ 
ing.  In  placing  filling,  the  whole  mass  should  be  considered  as 
a  structure  and*  it  is  surely  the  part  of  wisdom  to  investigate  the 
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foundations  upon  which  such  a  structure  is  to  he  placed  before 
the  operation  is  carried  out. 

Along  this  line  1  might  mention  a  project  which  is  now  in 
course  of  preparation  which  involves  filling  across  a  ravine, 
involving  about  100.000  cubic  yards  of  filled  material.  Before 
this  material  is  placed,  it  is  the  intention  to  sink  several  shafts 
in  convenient  locations  for  the  purpose  of  investigating  and  de¬ 
termining  the  exact  character  of  substrata  and  the  best  means  t  > 
he  employed  for  their  preparation.  In  this  instance  it  is  expected 
that  the  preparation  will  consist  of  breaking  up  the  subsoil  ali 
the  way  to  solid  rock,  diverting  the  passage  of  the  earth  water, 
and  disturbing  any  plane  of  slippage  which  might  exist,  and  in 
addition  to  this,  providing  ample  drainage  to  intercept  any  streams 
which  might  tend  to  saturate  the  mass  in  the  work. 


DISCUSSION 


Dr.  C.  S.  Palmer:*  1  would  like  to  ask  whether  in  the  case 
of  artificial  slides,  the  ground  may  move  for  a  year  or  two  and 
finally  come  to  rest.  I  live  on  Dakota  Street,  Schen'ley  Height5, 
where  we  have  had  a  very  had  slide ;  and  it  has  been  growing 
worse  and  worse  until  about  a  year  ago.  In  front  of  my  house 
a  good  concrete  walk  has  sunk  down  out  of  sight.  They  have 
built  up  a  platform  10  or  15  feet  high  above  the  ground;  and 
it  is  apparently  getting  stable.  This  year  a  great  deal  of  vegeta¬ 
tion  has  grown,  including  a  great  many  young  trees,  and  that 
may  have  helped.  Is  there  any  probability  that  the  slide  will  ever 
start  again? 

Mr.  Leonard  F.  Bechtel  :  It  is  absolutely  impossible,  in 
my  opinion,  to  prophesy  in  regard  to  slides.  The  unexpected 
always  happens.  In  places  where  we  very  often  feel  absolutely 

certain  that  the  earth  would  retain  itself  it  comes  down.  I  do 

« 

not  want  to  discourage  your  expectation,  and  I  would  say  that 
there  is  a  possibility  of  it  finally  compacting  itself  and  finding  some 
means  of  supporting  itself,  but  an  opinion  depends  alto¬ 
gether  upon  the  character  of  the  topography,  the  nature  of  the 
vegetation — whether  it  has  tap-roots  or  not,  for  tap-roots  sink 
into  the  earth  and  act  as  a  sort  of  pile  and  absorb  the  water  from 

i 

greater  depths,  and  it  may  possibly  find  its  level  and  stop  slipping. 
My  experience,  however,  is  that  such  places  will  stop  for  a  few 
years  and  finally  move  again. 

‘  Mr.  R.  P.  Forsberg  :j  I  thought  as  I  listened  to  the  read¬ 
ing  of  the  very  interesting  and  instructive  paper  that  Mr.  Bechtel 
has  given  us  that  I  have  one  objection  or  criticism  to  offer.  He 
should  have  presented  the  paper  to  our  Society  just  10  years 
sooner.  Just  10  years  ago  I  was  employed  by  one  of  our  north 
boroughs  to  make  an  investigation  and  submit  a  report  relative 

♦Consulting  Chemical  Engineer,  Rock  Gas  Products  Co.,  Neville 
Island,  Pa. 

f Principal  Assistant  Engineer,  Pittsburgh  &  Lake  Erie  Railroad  Co., 
Pittsburgh. 
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to  a  rather  serious  slide  which  had  occurred  within  its  limits. 
If  1  had  had  before  me  at  that  time  the  information  given  11s  this 
evening  it  would  have  been  of  material  assistance  to  me  in  in¬ 
vestigating  and  solving  my  problem. 

1  am  in  agreement  with  the  author  in  his  statement  that  the 
proper  solution  of  the  cause  of  the  average  slide,  and  a  remedv 
for  its  correction,  is  not  a  question  of  mathematical  niceties.  Each 
problem  must  he  studied  and  solved  independently  and  the  train¬ 
ing  and  skill  and  experience  of  the  engineer  making  the  investi¬ 
gation  are  all-important  factors.  Mr.  Bechtel  elects,  in  pre¬ 
senting  his  subject,  to  use  example  rather  than  precept  and  1  shall 
follow  his  method  in  presenting  to  von  very  brieflv  a  description 
of  the  slide  to  which  I  have  referred. 

I  was  sent  lor  in  the  spring  of  1912  by  the  borough  council 
of  Bellevue  and  informed  that  a  slide  in  that  borough  had  been 
in  progress  for  a  number  of  years,  resulting  in  property  damage 
and  causing  a  spirit  of  uneasiness  among  the  residents  in  its 
vicinity.  I  was  requested  to  make  an  investigation  relative  to  the 
cause  of  the  slide  and  suggest  a  remedy  for  arresting  its  further 
progress. 

The  first  step  in  my  investigation,  of  course,  was  to  make 
a  survey  of  the  affected  zone  and  have  cross-sections  taken.  While 
that  was  being  done  1  made  a  search  through  the  engineering 
literature  readily  at  hand,  hoping  that  some  brother  had  at  some¬ 
time  been  confronted  with  a  similar  problem  and  left  a  record. 
I  was  disappointed  in  not  finding  the  information  I  sought.  1  had 
hoped  that  my  file  of  Engineering  A  cws  would  have  given  me 
something  of  practical  value,  for  I  am  the  fortunate  possessor  of 
a  complete  tile  of  that  publication  from  its  first  appearance  in 
April,  1874,  to  date.  Please  do  not  infer  that  I  was  practising 
engineering  in  1814,  but  my  father  was  a  civil  engineer  and  l 
inherited  his  library  and  have  kept  intact  the  file  of  the,  now, 
Engineering  News-Record.  I  he  editor  of  that  publication 
secured  a  copy  of  my  report  on  the  Bellevue  slide  and  it  was  pub¬ 
lished  in  full  in  its  issue  of  Januarv  1,  1914. 

Ihe  completion  of  my  survey  showed  that  the  slide  was 
located  between  Rodgers  (now  Balph)  Avenue  and  Summit 
Avenue,  that  it  was  about  400  feet  long  and  200  feet  wide.  The 


4(52 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Dec. 


vertical  distance  from  the  top  to  the  bottom  was  about  65  feet. 
The  street  paving  in  Rodgers  Avenue  had  been  raised  in  many 
places  about  two  feet  above  the  general  elevation ;  some  of  the 
sidewalk  concrete  slabs  had  been  thrown  out  into  the  driveway ; 
the  retaining  walls  in  front  of  several  properties  had  been 
overturned ;  and  several  dwellings  had  been  renderd  wholly  unfit 
for  occupancy. 

The  residents  of  that  community  were  naturally  apprehensive, 
some  fearing  that  their  property  would  ultimately  find  its  place 
in  the  bottom  of  the  adjacent  ravine.  A  careful  examination 
showed  that  there  were  no  breaks  in  the  surface  of  the  slide  be¬ 
tween  its  toe  in  Rodgers  Avenue  and  its  top  near  Summit  Ave¬ 
nue.  At  its  top  and  extending  throughout  its  length  was  a 
crevice  from  one  to  eight  feet  wide  of  varying  depth  and  quite 
similar  in  its  appearance  to  some  of  the  views  shown  this  even¬ 
ing.  I  was  told  that  this  crevice  usually  made  its  appearance  in 
the  spring.  The  residents  would  at  times  have  it  filled  only  to 
see  it  open  again  the  next  spring. 

I  next  proceeded  to  investigate  the  strata  underlying  the  slide 
and  sunk  two  test  holes.  The  first  one  was  located  in  Rodgers 
Avenue  at  the  foot  of  the  slide.  We  went  through  about  five  feet 
of  disintegrated  or  soft  shale  rock  where  a  six-inch  vein  of  fire¬ 
clay,  thoroughly  saturated,  was  encountered.  We  then  sent  a 
steel  drill  down  six  feet  below  the  vein  of  clay  through  good  shale 
rock.  The  second  test  hole  was  driven  about  120  feet  from  the 
first  at  right  angles  to  Rodgers  Avenue  in  the  direction  of  Sum¬ 
mit  Avenue,  and  its  elevation  was  about  17  feet  above  the  first. 
After  drilling  through  21  feet  of  soft  shale  rock  we  encountered 
a  vein  of  fire-clay  21  inches  in  thickness  through  which  water  was 
flowing  rather  freely.  I  concluded  that  the  water  came  from 
one  of,  or  a  combination  of,  three  sources — improper  surface 
drainage,  a  leaking  water  main  in  Summit  Avenue,  or  natural 
water  veins.  From  further  investigations,  which  we  do  not  have 
time  this  evening  to  relate,  I  determined  that  the  water  came  from 
natural  water  veins. 

After  a  comprehensive  study  of  the  data  I  had  obtained, 
which  I  set  forth  in  some  detail  in  my  report,  I  recommended  to 
the  borough  council  that  we  should  proceed  first  to  excavate  at 
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the  foot  of  the  slope  in  the  rear  of  the  dwellings,  about  120  feet 
from  Rodgers  Avenue  and  parallel  with  it,  shafts  six  by  six  feet 
spaced  30  feet  center  to  center,  these  shafts  to  continue  through¬ 
out  the  length  of  the  slide.  They  would  extend  about  two  feet 
below  the  bed  of  fire-clay  which  would  make  them  about  25  feet 
deep.  Between  these  shafts  and  at  an  elevation  of  the  bottom  of 
them,  a  tunnel  three  feet  wide  by  four  feet  high  would  be  driven. 
In  the  bottom  of  this  tunnel  eight-inch  terra-cotta  drain  pipe  would 
be  laid  with  open  joints.  The  trench  or  tunnel  would  then  be  back¬ 
filled  with  gravel.  The  shafts  from  their  bottom  to  a  point  four 
feet  above  the  fire-clay  should  be  backfilled  with  concrete  rein¬ 
forced  with  a  few  vertical  rods,  which  would  offer  an  additional 
resistance  to  the  movement  of  the  slide.  The  terra-cotta  drain 
pipe  would  be  connected  to  the  sewer  in  Rodgers  Avenue. 

I  further  suggested  that,  when  the  foundations  of  the  resi¬ 
dences  in  the  slide  zone  were  rebuilt,  they  should  be  carried  down 
two  or  three  feet  below  the  vein  of  fire-clav.  The  foundations 
would  be  built  of  concrete  and  with  the  weight  of  the  houses  on 
top  would  offer  an  enormous  resistance  to  horizontal  movement. 
The  effect  of  the  slide  movement  could  be  further  retarded  by 
starting  at  the  break  in  the  ground  at  the  top  of  the  slide  near 
Summit  Avenue  and  grading  off  the  side-hill  on  a  slope  of  1 
to  1,  until  it  reached  the  elevation  of  the  ground  in  the  rear  of  the 
houses  on  Rodgers  Avenue.  This  would  remove  a  weight  of  ap¬ 
proximately  19,000  tons  and  accordingly  reduce  the  propelling 
force. 

Upon  the  submission  of  my  report  a  discussion  arose  in  the 
council  as  to  who  would  bear  the  expense  of  the  undertaking. 
Months  passed  and  no  definite  action  was  taken.  The  borough 
engineer  suggested  that  the  two  test  holes  that  had  been  ex¬ 
cavated  be  refilled.  This  was  done  and  they  were  refilled  in  the 
manner  I  had  suggested  for  the  main  drainage  tunnel,  the  two 
test  holes  being  connected  with  an  eight-inch  terra-cotta  pipe  with 
open  joints,  backfilled  with  gravel,  which  pipe  was  in  turn  con¬ 
nected  with  the  sewer  line  in  Rodgers  Avenue.  Water  at  once 
began  to  flow  into  the  sewer  line  from  the  test  holes.  The  next 
spring  the  crevice  at  the  top  of  the  slide  for  the  first  time  in  years 
failed  to  make  its  appearance.  The  spring  and  summer  passed 
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and  there  were  no  indications  of  any  movement  whatever  in  the 
slide.  After  a  year  or  more  had  elapsed  and  the  menace  of  the 
slide  was  being-  forgotten,  the  residents  of  the  affected  zone  took 
heart  and  rebuilt  their  properties,  the  borough  repaired  the  street 
and  apparently  the  Rodgers  Avenue  slide  was  a  thing  of  the  past. 

I  rather  expected  that  I  would  be  called  upon  this  evening 
to  relate  some  incidents  in  connection  with  the  Bellevue  slide  and 
I  accordingly  called  up  the  engineer  of  that  borough  last  evening 
and  made  inquiry  of  him  relative  to  its  status,  and  he  informed  me 
that  the  slide  had  been  at  rest  since  the  fall  of  1912,  and  the 
residents  of  that  community  had  dismissed  it  for  all  time  from 
their  minds.  The  sinking,  therefore,  of  two  test  holes,  later  con¬ 
nected  with  a  drain  pipe  and  backfilled  with  gravel,  effectively 
arrested  the  movement  of  a  slide  that  at  the  outset  of  my  in¬ 
vestigation  appeared  to  be  a  rather  serious  and  expensive  under¬ 
taking. 

I  could  easily  recite  from  my  railroad  experience  a  descrip¬ 
tion  of  other  slides  where  movements  have  been  corrected  by 
various  methods,  but  I  will  trespass  on  your  patience  only  by 
briefly  stating  one. 

In  the  construction  of  the  Brownsville  Branch  of  the  Penn¬ 
sylvania  &  Lake  Erie  Railroad  between  Fayette  City  and  Browns¬ 
ville,  the  major  part  of  the  grading  was  side-hill  work.  We,  of 
course,  had  local  settlements  and  slides  that  are  always  incident 
to  the  construction  of  a  road-bed ;  but  none  of  any  consequence. 
A  few  years  later,  however,  when  we  double  tracked  the  road-bed 
by  filling  out  on  the  side-hill  towards  the  river  with  slag,  we  en¬ 
countered  quite  a  little  difficulty  at  one  point  in  retaining  it.  Our 
trouble  was  finally  successfully  overcome  by  drilling  a  line  of 
two-inch  holes  spaced  10  feet  apart  near  the  edge  of  the  river,  for 
a  length  of  about  80  feet.  These  holes  were  drilled  five  feet 
into  the  rock,  charged  with  dynamite,  and  electrically  exploded. 
An  artificial  toe  was  thus  thrown  up  of  sufficient  height  to  arrest 
and  prevent  any  further  movement  of  that  slide. 

I  would  say  as  a  result  of  about  25  years’  experience  in  rail¬ 
road  construction  and  maintenance  that  I  would  never  resort  to 
the  use  of  retaining-walls,  piles  or  any  other  artificial  barrier  to 
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arrest  the  movement  of  a  slide  if  it  were  at  all  possible  to  provide 
for  the  free  drainage  of  the  water  that  caused  it. 

Mr.  V.  R.  Covell:*  What  is  the  inclination  of  that  vein  of 
fire-clay? 

Mr.  R.  P.  Forsberg:  As  we  put  down  only  two  test  holes, 
we  did  not  have  sufficient  data  to  determine  its  inclination  ac¬ 
curately.  I  would  say  from  the  evidence  we  had  that  it  sloped 
towards  Rodgers  Avenue  at  a  rate  of  about  two  feet  in  100  feet. 

Mr.  H.  R.  Thayer  :f  In  some  respects  I  differ  from  the 
preceding  speaker  and  in  others  I  agree  with  him.  In  the  first 
place,  mention  was  made  of  the  literature.  I  know  of  only  two 
articles  in  scientific  literature  that  deal  with  it.  At  one  time  it 
was  a  matter  of  importance  to  me  and  I  looked  it  up  pretty 
thoroughly.  One  is  mentioned  above ;  the  other  is  a  paper  by  D. 
D.  Clarke,  entitled  “A  Phenomenal  Land  Slide. ”i  and  dealing 
with  a  case  in  Oregon.  It  is  interesting  to  note  that  the  writer 
of  this  paper  handled  the  problem  in  almost  the  same  way  as 
Air.  Forsberg  did.  It  occurred  about  the  same  time. 

Mr.  Robert  A.  Cummings :§  It  is  a  great  object  lesson  that 
M r.  Bechtel  has  presented  to  us.  The  problem  of  land  slides,  etc., 
is  worthy  of  our  earnest  study  and  investigation.  This  can  best 
be  accomplished  by  a  review  of  the  physics  of  soils  in  a  manner 
similar  to  that  undertaken  by  the  American  Society  of  Civil 
Engineers. 

I  recall  that  several  years  ago  the  subject  was  brought  be¬ 
fore  this  Society  and  a  committee  was  appointed.  The  com¬ 
mittee  seems  to  have  vanished  into  thin  air  for  nothin"  has  been 

o 

heard  from  them.  I  know  of  no  problem  in  the  whole  field  of 
civil  engineering  that  is  comparable  in  importance  with  the  ur¬ 
gency  and  need  of  investigating  the  influence  of  soils  on  engined  - 
ing  structures.  Let  us,  therefore,  renew  our  efforts  in  this  direc- 

*Deputy  County  Engineer,  Allegheny  County,  Pittsburgh. 

tMarkhart-Thayer  Engineering  Co.,  Pittsburgh. 

t  Trans.  A.  S.  C.  E.,  v.  53,  p.  322. 

§Consulting  Civil  Engineer,  Pittsburgh. 
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tion  with  greater  determination  to  achieve  something  of  technical 
value. 

For  this  reason,  Mr.  Chairman,  I  move  you  that  a  committee 
of  this  Society  be  appointed  to  report  upon  soils  and  their  physical 
relation  to  engineering  undertakings,  the  number  and  the  appoint¬ 
ment  of  this  committee  to  be  left  to  the  Chairman. 

Major  J.  F.  Bell:*  I  did  not  expect  to  talk  on  this  sub¬ 
ject  and  I  will  talk  about  it  only  so  far  as  to  refer  to  some  things 
I  have  seen.  If  any  of  you  should'  have  work  to  do  in  another 
part  of  the  United  States,  be  very  careful.  The  means  you 
adopt  here  may  not  apply  there.  Take  the  lower  Mississippi 
Valley.  We  do  not  refer  to  earth  movements  as  slips  or  slides 
there.  They  are  called  caving,  wave  wash,  sloughing,  and  sink¬ 
ing,  and  there  are  general  earth  movements  besides.  You  meet 
those  movements  in  different  ways. 

The  wave  wash  washes  away  the  levees.  You  stop  that  by 
ordinary  superficial  protection  by  using  plank  concrete,  Bermuda 
grass,  willows,  etc. 

Caving  is  an  entirely  different  thing.  The  water  may  be 
100  to  150  feet  deep  and  the  bank  be  falling  in  at  a  rate  of  200 
feet  a  year.  You  meet  that  by  taking  the  top  off  the  bank  and 
securing  an  easy  slope.  The  most  inportant  thing  is  to  remove 
the  weight.  The  slope  is  then  protected  by  mattresses. 

A  slough  is  the  sliding  away  of  the  back  of  the  levee.  Our 
method  is  that  followed  by  the  French,  as  Air.  Cummings  de¬ 
scribed  it.  The  levee  may  be  30  feet  high.  Cut  channels  down 
the  back  and  lead  small  inclined  ditches  into  them.  Do  not  make 
the  mistake  of  putting  earth  on  the  back  of  the  levee.  If  you 
hold  the  water  in,  the  levee  is  sure  to  go. 

Another  type  is  “sinking.”  You  have  a  levee  that  is  stand¬ 
ing  all  right.  You  try  to  build  it  a  little  higher  and  it  goes  down 
and  the  earth  rises  nearby.  Often  the  only  thing  to  do  is  to  keep 
on  piling  earth  on  top  of  it  until  you  get  a  counterbalance.  That 
will  permit  an  increased  height.  In  cases  like  that  you  probably 
have  quicksand  underneath  and  there  is  no  use  trying  to  drain  it. 

Another  illustration  is  found  in  the  lower  end  of  New 
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Orleans.  For  about  a  mile  or  a  mile  and  a  half  the  bank  of  the 
river  is  moving  out.  It  has  moved  several  feet  in  recent  years. 
The  whole  body  of  tlifc  land  is  moving  out.  There  is  quicksand 
underneath  and  the  problem  is  still  to  be  solved 


Mr.  H.  R.  Thayer:  Western  Pennsylvania  was  formerly 
a  bed  of  shale  and  silt  lying  at  the  edge  of  a  vast  inland  sea  oc¬ 
cupying  what  is  now  the  basin  of  the  Mississippi.  Then  some 
convulsion  of  nature  elevated  it,  and  the  drainage  systems  began 
to  cut  out  channels.  The  resulting  topography  in  the  vicinity 
of  Pittsburgh  has  been  a  series  of  ridges  and  valleys.  The  sur¬ 
face  of  the  shale  has  disintegrated  into  clay,  and  every  engineer 
in  the  district  realizes  the  problem  thereby  created.  Every  cut  in 
these  slippery  slopes  brings  with  it  its  risk.  They  speak  about 
“putting  money  in  a  hole”  but  those  who  have  to  contend  with  a 
slide  do  not  even  get  this  satisfaction,  for  the  ooze  soon  tills  up 
every  last  semblance  of  any  excavation. 

I  do  not  know  of  any  better  example,  however,  of  the  useful 
application  of  the  truths  of  science  to  every-day  affairs. 

We  may  classify  earth  movements  as  of  five  different  types : 

The  first  occurs  where  the  earth  is  deposited  or  cut  into  at 
a  slope  exceeding  the  angle  of  repose,  usually  assumed  for  earth 
at  about  34  degrees.  The  usual  and  proper  remedy  is  to  flatten 
the  slope  or  to  build  a  retaining-wall  if  the  former  course  is  im¬ 
practicable 

The  second  case  is  where  a  heavy  load  is  placed  upon  the 
earth.  This  is  really  a  special  case  of  the  first  variety  and  has 
the  same  remedies. 

The  third  case  is  that  caused  by  the  disintegration  of  the 
material.  It  gives  trouble  where  too  high  an  angle  of  repose  has 
been  assumed.  This  is  an  error  likely  to  occur  when  excavating 
in  friable  rock. 

The  fourth  case,  fortunately  rare  in  this  district,  is  caused 
by  earthquakes.  There  is  no  remedy;  at  least,  none  at  present. 
One  has  to  take  what  is  sent  him. 

The  fifth  case,  common  in  this  vicinity,  is  what  is  called  a 
“slide."  In  a  hillside,  apparently  solid,  an  irregular  mass  breaks 
loose.  The  top  cracks  and  heaves  in  an  irregular  manner,  while 
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a  clayey  mass  pushes  out  as  a  toe  at  the  bottom.  The  motion  may 
be  very  slow,  say  a  few  inches  per  year  to  a  few  inches  per 
day.  The  force  developed  is  very  large  and  construction  to  hold 
it  must  be  correspondingly  massive. 

So  far  as  the  writer  knows,  slides  occur  only  in  a  clay  coil. 
Keep  clay  perfectly  dry  and  it  is  a  most  dependable  material. 
Under  these  circumstances  it  will  remain  vertical  for  a  long  time 
if  not  indefinitely;  but  water  changes  its  character  entirely,  ren¬ 
dering  it  a  most  treacherous  material.  Its  angle  of  repose  be¬ 
comes  very  low,  possibly  something  like  10  degrees.  As  we  should 
expect,  the  angle  at  which  the  clay  will  stand  depends  largely  upon 
the  moisture  present  therein ;  and  if  anything  happens  to  increase 
its  moisture  content  its  stability  is  decreased  and  if  this  goes  far 
enough  movement  begins  and  we  have  a  slide.  So  far  as  the 
writer  knows,  water  is  the  only  cause  of  slides.  If  ground  which 
has  been  stable  for  a  long  time  starts  to  move,  it  will  be  because 
the  slope  has  been  changed  or  unusual  amounts  of  water  have  been 
introduced. 

There  are  four  methods  of  treating  a  slide : 

The  first  is  to  restrain  it  by  means  of  piles  or  a  retaining 
wall.  Great  strength  is  often  needed  to  make  this  effective  and 
these  methods  are  always  expensive.  The  next  idea  is  to  “dig 
it  out.”  This  is  archaic,  expensive,  and  generally  unsatisfactory. 
There  are  cases,  however,  where  it  is  the  only  thing  to  be  done, 
although  often  involving  very  large  amounts  of  material. 

The  third  method  is  to  drain  the  affected  area,  thereby  re¬ 
moving  the  water,  which  is  always  the  cause  of  the  trouble.  This 
is  likely  to  be  expensive  but  has  proven  quite  satisfactory. 

The  last  method  is  one  of  prevention.  It  is  usually  avail¬ 
able  and  will  be  in  every  way  the  most  satisfactory.  The  first 
step  is  a  careful  and  thorough  investigation.  There  should  be 
a  topographical  survey  with  borings,  also  a  history  of  the  slide 
with  rainfall  records  and  progress  chart.  The  amount  of  water 
flowing  from  the  foot  of  the  slide  and  its  variation  and  nature 
should  be  carefully  observed.  The  water  may  be  from  springs, 
from  the  surface,  sewage,  or  water-supply.  From  the  above  data 
it  should  be  easy  to  determine  the  source. 

The  next  step — locating  the  definite  place  from  which  the 
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trouble  comes — will  not  give  engineers  very  much  trouble  as 
these  methods  are  too  well  known  to  need  elaboration  here.  If 
it  be  a  leaky  waterpipe  it  is  resoldered  or  better  still  moved  to  a 
more  favorable  location.  Sewer-pipe  we  may  likewise  mend  or 
move,  while  surface  drainage  may  be  ditched  off  the  slope.  The 
treatment  of  spring  water  will  give  the  most  trouble,  but,  since 
this  has  always  been  present,  the  chances  are  that  it  is  not  the 
cause,  unless  someone  has  been  careless  enough  to  fill  directly 
over  a  spring. 

To  prevent  a  slide: 

If  possible,  avoid  digging  into  a  clay  slope  carrying 
water  in  greater  or  less  quantities.  If  it  must  be  done,  drain 
thoroughly  and  keep  out  all  the  water  you  can.  Locate 
water  and  sewer-pipes  as  far  away  as  you  can.  Turf  the 
slopes. 

If  water  can  be  excluded,  and  you  can  be  sure  that  ex¬ 
ternal  water  will  always  be  kept  out,  a  slope  of  34  degrees 
(1  Yz  to  1)  can  be  used  with  confidence. 

Mr.  Leonard  F.  Bechtel  :  It  does  not  seem  to  me  that  there 
is  any  very  great  difficulty.  We  seem  pretty  well  of  one  mind. 
It  is  altogether  a  question  of  drainage  and  a  consideration  of  the 
quality  and  character  of  the  soil  that  makes  up  the  fill.  In  this 
locality  particularly  you  must  give  attention  to  soils  which  ab¬ 
sorb  and  retain  moisture.  There  are  some  soils  which  cannot  be 
drained.  They  simply  hold  moisture  until  it  evaporates.  These 
are  soils  from  which  the  moisture  must  be  kept. 

I  may  have  been  misunderstood  in  the  matter  of  the  lifting 
or  raising  of  the  bottom  of  the  land.  I  know  that  does  occur.  It 
is  a  very  frequent  occurrence.  I  meant  to  convey  the  idea  that 
in  the  case  of  this  particular  slide  it  did  not  seem  to  have  oc¬ 
curred  ;  but  where  the  low  land  can  not  be  supported  or  there 
is  no  balance  there  must  certainly  be  a  movement  somewhere. 


CONCRETE  PIPE;  PLAIN  AND  REINFORCED 


By  Joseph  S.  Lambie* 

The  use  of  concrete  pipe,  or  “cement  pipe”  as  it  is  more 
frequently  called,  dates  back  to  the  year  18(50  in  this  country,  and 
probably  ten  years  earlier  in  Europe,  where  it  was  introduced  at 
approximately  the  same  time  in  France  and  southern  Germany. 
Brooklyn  was  one  of  the  first  American  cities  to  adopt  cement 
pipe  for  sewer  construction.  Starting  in  1861,  Brooklyn  to-day 
has  over  400  miles  of  concrete  pipe  sewers. 

The  first  use  of  reinforced  concrete  is  attributed  to  a  French 
man,  Monier,  who  in  1867  conceived  the  idea  of  introducing  wire 
mesh  into  ornamental  concrete  structures  in  order  to  strengthen 
them.  No  scientific  efforts  at  placing  the  reinforcement  or  de¬ 
termining  the  proper  amount  were  made  until  1879,  when  a  Ger¬ 
man,  named  Wayss,  having  seen  Monier’s  exhibit  at  the  Antwerp 
Exposition,  bought  the  German  patent  rights  and  proceeded  to 
make  a  thorough  investigation  of  the  possibilities  of  the  combina¬ 
tion. 

The  first  designs  for  reinforced  pipe  are  attributed  to  Borden- 
are  in  1887,  but  very  little  actual  construction  was  undertaken 
until  five  years  later.  From  1892  until  1895  was  a  period  of  de¬ 
cided  activity  in  reinforced  concrete  pipe.  Monier,  Coignet,  Bon- 
na,  and  Hennebique,  introduced  various  designs  of  pipe,  of  which 
the  Bonna  system  seems  to  have  been  the  most  popular.  Over  1 00 
miles  of  this  type  of  pipe  had  been  installed  in  and  around  Paris 
before  the  year  1900.  These  pipes  were  in  sizes  varying  from  12 
inches  to  6.5  feet  in  diameter,  and  in  some  cases  were  used  under 
pressure  heads  up  to  130  feet.  For  pipe  under  pressure  a  thin 
sheet-steel  core  was  embedded  in  the  concrete  shell  to  prevent 
leakage,  structural  strength  being  obtained  from  spiral  reinforce- 
ing  and  the  concrete.  A  pressure  line  of  this  type  was  installed 
at  Swansea,  Wales,  in  1905,  and  is  still  in  use.  This  pipe  was  20 
inches  in  diameter;  shell  2/2  inches  thick,  containing  a  20-gage, 

•Associate  Professor  of  Civil  Engineering,  University  of  Pittsburgh, 
Pittsburgh. 
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butt-welded,  sheet-steel  core.  This  pipe  was  tested  under  a  450- 
foot  head  without  leak. 

At  present,  concrete  pipe  is  used  almost  exclusively  for  sew¬ 
ers  in  some  of  the  European  centers  of  population.  Throughout 
the  eastern  United  States  and  Canada,  reinforced  pipe  is  used  ex¬ 
tensively  in  the  large  sizes  for  trunk  sewers.  Throughout  the 
West,  and  especially  on  the  Pacific  coast,  the  smaller  sizes  of 
plain  pipe  are  used  for  branch  sewers  and  house  connections,  be¬ 
ing  equally  adaptable  with,  and  cheaper  than,  vitrified  clay  pipe 
for  this  purpose.  Until  recently,  the  plain  pipe  used  in  the  East 
was  all  hand  tamped  and  its  use  was  largely  restricted  for  economic 
reasons  and  on  account  of  its  uncertain  quality.  The  perfecting 
of  methods  for  manufacture  of  machine-made  pipe,  and  the  re¬ 
markable  improvement  and  reliability  of  the  resultant  product, 
have  changed  conditions  to  such  an  extent  that  plain  cement  pipe 
is  now  being  extensively  introduced  into  sewerage  systems  through¬ 
out  the  central  and  eastern  states.  Large  reinforced  pipe  is  used 
extensively  in  the  West  on  irrigation  projects  under  heads  up  to 
150  feet. 

One  of  the  principal  uses  of  small-size  cement  pipe  is  for  farm 
drainage.  Hand-made  pipe  was  first  used  for  this  purpose  in 
Illinois  in  1872.  The  first  machine-made  cement  drain  tile  was 
manufactured  in  Iowa  in  1905.  By  1911,  there  were  418  plants 
producing  over  110,000,000  feet  of  tile  annually,  and  this  figure 
is  now  being  doubled  about  every  five  years.  The  ease  and  sim¬ 
plicity  with  which  this  product  can  be  manufactured  has  naturally 
led  to  the  springing  up  of  a  considerable  number  of  irresponsible 
manufacturers  with  the  result  that  some  inferior  pipe  has  been 
placed  upon  the  market  and  a  number  of  failures  recorded.  Sim¬ 
ilar  results  were  noticed  a  decade  or  so  ago  in  the  hollow-block  in¬ 
dustry  and  for  several  years  threatened  its  demise.  This  condi¬ 
tion  can  be  overcome  only  by  strict  specification  regulations  and 
tests,  and  organization  and  education  of  those  interested.  Be¬ 
sides  sewers,  drains,  water-supply  and  irrigation  systems,  con¬ 
crete  pipe,  both  plain  and  reinforced,  is  extensively  used  for  cul¬ 
verts  under  railroads  and  improved  highways,  being  an  ideal  ma¬ 
terial  for  this  purpose.  Many  special  and  minor  uses  for  the  large- 
size  pipe  might  be  mentioned,  such  as  mine  entries,  cattle  passes, 
septic  tanks,  and  silos. 
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The  design  of  pipe  is  something  that  has  been  left  too  largely 
to  the  manufacturer  and  accepted  on  faith  by  the  engineer  and 
consumer.  Someone  has  said  that  “A  doctor  buries  his  mistakes 
while  an  engineer  makes  monuments  of  his.”  A  pipe-line  is  one 
of  the  exceptions.  An  engineer  buries  his  pipe-lines  and  with 
them,  I  believe,  buries  more  mistakes  than  are  made  in  any  other 
type  of  engineering  structure.  An  occasional  autopsy  is  likely  to 
produce  a  coroner’s  verdict  that  failure  was  due  to  general  de¬ 
bility,  and  exonerate  the  engineer  from  what  was  at  least  an 
equally  probable  cause — his  error  in  diagnosis.  ' 

The  fact  that  a  pipe  appears  to  be  a  very  simple  structure  is 
possibly  the  reason  that  its  proper  design  has  been  so  generally 
overlooked  by  the  engineering  profession.  I  refer  particularly  to 
the  load  factor.  Careful  calculations  are,  as  a  rule,  made  for  the 
carrying  capacity,  and  if  the  pipe  is  to  be  subjected  to  internal 
pressure,  the  resultant  tepsile  stresses  are  easily  evaluated.  Consid¬ 
eration  of  the  effects  of  external  loads  is,  however,  too  frequently 
slighted.  In  considering  these,  we  are  brought  face  to  face  with 
the  difficult  and  but  vaguely  understood  principles  of  earth  pres¬ 
sures,  very  much  complicated  by  the  fact  that  they  act  from  all 
sides  of  the  structure  under  consideration.  The  action  of  earth 
pressure  in  a  trench  is  materially  different  from  that  in  a  fill,  and 
in  many  instances  live  loads  are  transferred  from  the  ground  sur¬ 
face  above.  These  will  be  considered  in  detail  in  the  order  named. 

The  frequency  with  which  sewer  and  drain  pipe,  on  excava¬ 
tion,  was  found  to  be  cracked  led,  in  1911,  to  the  institution  of  a 
thorough  series  of  tests  at  the  experiment  station  connected  with 
Iowa  State  College  to  determine,  if  possible,  the  intensity  and  dis¬ 
tribution  of  earth  pressures  upon  pipe  in  trenches  of  various  widths 
and  depths  and  with  various  filling  materials.  These  tests  were 
very  comprehensive,  covering  trenches  up  to  four  feet  two  inches 
in  width  and  24  feet  in  depth  and  are  reported  in  complete  detail 
in  their  Bulletin  31.  The  conclusions  there  reached  may  be  briefly 
summarized  as  follows : 

The  backfill  in  the  trench,  regardless  of  the  method  of  plac¬ 
ing,  is  not  as  compact  as  the  adjacent  soil  and  has  a  continued 
tendency  to  settle  around  and  over  the  pipe.  Under  this  condition, 
and  on  account  of  the  rigidity  of  the  pipe  itself,  the  till  at  the 
sides  of  the  pipe  exerts  but  little  supporting  capacity,  but  consid- 
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erable  frictional  resistance  is  developed  between  the  rigid  side 
walls  of  the  trench  and  the  fill  placed  therein.  This  acts  as  a  par¬ 
tial  support  for  the  fill,  and  reduces  the  vertical  pressure  on  the 
pipe.  The  total  relative  amount  of  this  frictional  support  is  de¬ 
pendent  on  several  factors.  It  increases  with  the  height  of  fill 
and  decreases  with  the  width  of  trench  and  degree  of  saturation 
of  the  filling  material. 

For  ordinary  conditions,  and  for  trenches  which  are  from 
five  to  six  times  as  deep  as  they  are  wide,  the  frictional  force  is 
capable  of  supporting  about  one  half  of  the  total  backfill,  the 
balance  being  carried  as  a  load  on  the  pipe.  This  load  is  not 
equally  distributed  over  the  diameter  of  the  pipe,  but  tends  to 
concentrate  towards  the  center,  with  the  friction  supporting  that 
portion  of  the  fill  adjacent  to  the  trench  walls.  As  a  result,  the 
bending  moment  is  greater  than  would  be  caused  by  a  more  uni¬ 
form  distribution.  As  already  mentioned,  the  pipe  is  offered  but 
little  lateral  support  on  account  of  the  compressibility  of  the  fill 
between  its  sides  and  the  trench  walls.  The  maximum  loads  will 
occur  in  trenches  that  are  from  10  to  12  times  as  deep  as  they 
are  wide ;  additional  depth  has  little  or  no  effect  on  the  load  borne 
by  the  pipe. 

A  pipe  placed  in  a  fill  is  under  radically  different  conditions 
from  one  in  a  trench.  If  the  pipe  projects  above  the  natural 
ground  level,  the  greater  heights  of  fill  adjacent  to  the  pipe  will 
cause  more  settling  than  occurs  in  the  fill  over  the  pipe,  thereby 
producing  a  dragging-down  action  in  the  prism  of  earth  over  the 
pipe,  and  increasing  the  load  that  the  pipe  must  support.  There 
is  also  a  decided  lateral  thrust,  which  is  comparable  to  the  thrust 
which  a  fill  exerts  against  a  retaining  wall.  If  the  pipe  is  partly 
or  entirely  embedded  in  the  solid  ground  beneath  the  fill,  or  if  the 
fill  is  thoroughly  compacted  at  the  sides  of  the  pipe  and  up  to  the 
level  of  its  crown,  the  dragging-down  action  and  the  vertical  load 
may  be  greatly  reduced.  The  advantage  thus  gained  is  obviated  to 
a  large  extent,  however,  by  the  corresponding  decrease  that  would 
occur  in  the  lateral  pressure.  Since  vertical  and  lateral  pressures 
cause  opposite  bending  moments  in  the  shell  of  the  pipe,  it  is  evi¬ 
dent  that  their  numerical  difference  produces  the  resultant  moment. 
This  numerical  difference  will  hereafter  be  referred  to  as  the 
“effective  load.”  This  problem  is  far  more  complicated  than  that 
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of  a  pipe  in  a  trench,  and  is  to-day  attracting  the  attention  of 
committees  in  several  of  the  national  societies.  Foremost  among 
these  is  the  Joint  Committee  on  Concrete  Culvert  Pipe,  composed 
of  two  representatives  each  from  the  American  Association  of 
State  Highway  Officials,  the  American  Concrete  Pipe  Association, 
the  American  Concrete  Institute,  the  American  Railway  En¬ 
gineering  Association,  the  American  Society  of  Civil  Engineers, 
the  American  Society  for  Testing  Materials,  and  the  United  States 
Department  of  Public  Roads.  Dean  Marston  of  Iowa  State  Col¬ 
lege  is  Chairman  of  this  Committee,  which  was  organized  in  1919 
to  draw  up  standard  specifications  for  culvert  pipe.  Although 
this  Committee  is  exceptionally  active  it  has  not  as  yet  pro¬ 
gressed  beyond  the  consideration  of  the  question  of  loads  and 
the  compilation  of  data  thereon. 

Dean  Marston  has  offered  all  the  facilities  of  the  Iowa  ex¬ 
periment  station  for  the  study  of  this  question,  having  been  pre¬ 
viously  interested  through  the  studies  he  had  made  on  trench  con¬ 
ditions.  Three  years  ago,  he  began  an  extensive  series  of  tests 
under  fills  of  varying  heights  and  of  various  materials.  Experi¬ 
ments  were  first  conducted  upon  a  culvert  40  inches  in  diameter 
and  20  feet  long  under  fills  of  sandy  loam  top-soil  up  to  20  feet 
in  height.  This  fill  was  maintained  under  observation  for  eight 
months  and  then  gradually  removed,  observations  being  made 
regularly  during  this  process,  also. 

With  the  experience  gained  in  these  tests,  which  lasted  over 
a  period  of  two  years,  a  new  series  was  started  using  sand  and 
gravel  for  the  fill  and  making  observations  for  every  foot  of  height 
up  to  16  feet,  which  was  as  far  as  the  experiment  had  progressed 
at  the  last  report. 

Results  so  far  obtained  are  not  sufficient  to  justify  any  definite 
conclusions,  but  it  would  appear  that  the  dragging  action  al>ove 
mentioned  will  increase  the  vertical  loads  on  the  pipe  from  50  per 
cent,  to  100  per  cent,  for  the  fills  cited  and  for  a  pipe  projecting 
almost  entirely  above  solid  ground.  Little  or  no  increase  in  verti¬ 
cal  load  over  that  produced  hy  the  prism  of  earth  directly  over 
the  pipe  was  noted  when  the  pipe  was  completely  embedded  in 
solid  ground.  Unfortunately,  no  effort  was  made  to  determine 
the  intensity  of  lateral  pressure  caused  by  the  fill.  The  tests  are 
to  be  continued,  however,  and  this  factor  will  he  given  due  con- 
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sideration.  Until  more  definite  information  is  available,  it  would 
seem  safe  to  assume  this  at  from  one  fourth  to  one  third  of  the 
vertical  pressure  per  square  foot  as  is  customary  in  retaining- wall 
practice.  This  would  mean  that  the  effective  load  on  a  pipe  in  a 
fill  is  from  1.2  to  1.5  times  the  weight  of  the  superimposed  prism 
of  earth,  or  approximately  twice  the  load  that  would  occur  on  a 
pipe  in  a  trench  of  equal  depth.  Under  very  deep  fills  (30  feet  or 
more)  it  is  probable  that  this  ratio  decreases  considerably,  due  to 
the  compacting  of  the  fill  at  the  sides  of  the  pipe  and  the  resultant 
lessening  of  the  dragging  action.  This  force  in  a  fill  is  a  shearing 
action  rather  than  friction,  and  increases  the  intensity  of  loading 
towards  the  sides  of  the  pipe  rather  than  the  center.  Fig.  1  shows 


Fig.  1.  Distribution  of  Vertical  Loads. 


the  probable  distribution  of  the  vertical  loads  for  both  trench  and 
fill  conditions. 

The  effect  of  live  loads,  such  as  may  be  caused  by  highway 
or  railroad  traffic  upon  a  culvert  under  the  road-bed,  is  dependent 
largely  upon  the  amount  of  cover,  and,  if  this  be  small,  may  be 
increased  by  impact.  No  heavy  concentration  of  load  will  occur 
if  the  pipe  has  cover  equal  to  its  diameter,  and,  for  greater  covers, 
the  percentage  of  live  load  carried  by  the  pipe  decreases  rapidly. 
Covers  less  than  the  diameter  should  be  avoided  if  possible,  and, 
;f  not,  careful  analysis  should  be  made  to  see  that  the  structure  will 
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resist  the  impact  of  moving  traffic.  Fig.  2  shows  graph¬ 
ically  live  load  and  impact  allowances  for  concrete  culverts 


Loads  qm  Railroad  P)Rc  Culverts. 
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Fig.  2.  Live  Load  and  Impact  Allowance. 

under  railroad  tracks  as  presented  for  consideration  by  the  Amer¬ 
ican  Railway  Engineering  Association.  The  live  load  is  based  on 
four  70,000  pound  axle  loads  on  five-foot  centers,  the  soil  pressure 
radiating  outward  and  downward  from  base  of  tie  on  lines  having 
a  slope  of  1 :2.  The  maximum  impact  is  estimated  at  50  per  cent, 
of  the  total  live  load,  decreasing  five  per  cent,  for  each  foot  of  fill 
until  it  is  eliminated  at  a  depth  of  10  feet.  An  allowance  should 
be  made  for  lateral  pressure  in  estimating  the  resultant  effective 
load  under  deep  fills.  Results  obtained  at  Iowa  State  College  by 
passing  a  loaded  truck  over  a  culvert  covered  by  various  depths 
of  fill  check  closely  with  the  preceding  curve. 

Having  determined  as  nearly  as  possible  to  what  load  a  pipe 
will  be  subjected,  the  design  will  be  based  on  the  bending  moment 
that  these  loads  will  produce  and  a  suitable  factor  of  safety.  Ra¬ 
tional  formulae,  based  on  the  elastic  theory,  tor  bending  moment  of 
various  types  of  loading  on  thin  homogeneous  elastic  rings  have 
been  developed  and  are  as  shown  in  Fig.  3. 
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Fig.  3.  Load  Moments  for  Elastic  Rings. 

Lateral  pressure  will  produce  a  bending  moment  in  the  oppo¬ 
site  direction,  the  resultant  moment  being  the  algebraic  sum  of  two, 
or  it  may  be  calculated  directly  by  using  the  effective  load  for  “W 

The  theory  by  which  the  above  formulae  were  derived  was 
first  explained  by  Filkins  and  Fort  at  Cornell  University.  It  was 
applied  extensively  by  Prof.  A.  N.  Talbot  in  his  tests  on  pipe  made 
at  the  University  of  Illinois  in  1907,  with  the  result  that  the  above 
are  frequently  referred  to  as  the  “Talbot  Formulae.” 

It  is  possible  that  plain  concrete,  and  quite  probable  that  re¬ 
inforced  concrete,  when  the  character  of  the  material  and  the  re¬ 
lation  of  shell  thickness  to  diameter  are  taken  into  consideration, 
will  not  accurately  respond  to  the  above  formulae.  Comparison  of 
results  with  straight  beams  indicates  a  marked  difference  in  the 


1923] 


LAMBIE — CONCRETE  PIPE 


4  7ft 


modulus  of  rupture,  which  would  indicate  that  the  actual  mo¬ 
ments  in  pipe  are  considerably  less  than  the  above  values.  As 
their  principal  use  is  for  comparative  purposes  and  test  analysis, 
this  is  not  of  vital  importance,  and  the  formulae  may  be  considered 
satisfactory  and  perfectly  safe  until  something  better  is  developed. 
An  exception  occurs  in  reinforced  pipe  subjected  to  concentrated 
loads  of  sufficient  intensity  to  crack  the  concrete  and  transfer  the 
tensile  stress  to  the  steel.  Under  this  condition,  the  structure  is 
no  longer  continuously  homogeneous,  but  becomes  multiple  hinged 
at  the  points  of  cracking,  with  the  probable  result  that  the  moments 
at  crown  and  haunch  equalize  at  a  mean  between  the  values  above 
given.  This  has  been  convincingly  demonstrated  in  a  series  of  tests 
made  on  large-size  reinforced  pipe  at  the  United  States  Bureau 
of  Standards  laboratory  in  Pittsburgh. 

In  considering  a  suitable  factor  of  safety  for  design,  we  must 
again  give  cognizance  to  the  exceptional  conditions  under  which 
pipe  is  ordinarily  placed.  Generally  speaking,  a  factor  of  safety 
is  necessary  for  three  reasons : 

1.  To  guard  against  inferior  material  or  workmanship. 

2.  To  guard  against  possible  future  overload. 

3.  To  guard  against  deterioration. 

Usually  it  is  the  last  two  elements  that  are  most  important 
in  determining  the  size  of  the  safety  factor.  With  adequate  in¬ 
spection  and  tests,  the  material  and  workmanship  can  he  controlled 
so  that  a  product  of  great  uniformity  is  obtained. 

Let  us  consider  concrete  pipe  from  the  standpoint  of  possible 
overload  and  deterioration.  The  greatest  load  on  a  pipe  in  service 
generally  occurs  shortly  after  the  completion  of  the  fill  and  prob¬ 
ably  during  a  period  of  heavy  rains.  As  time  passes,  the  fill  solidi¬ 
fies  and  the  load  on  the  pipe  gradually  decreases.  The  Iowa  tests 
show  that  the  maximum  load  from  a  20- foot  fill  occurred  one 

month  after  its  completion  and  a  few  days  after  a  rainfall  of  2.6 

«  * 

inches.  This  load  was  192  per  cent,  of  the  weight  of  the  directlv 
superimposed  earth.  Six  months  later,  it  had  decreased  2000 
pounds  per  foot  to  only  5/6  of  its  former  value.  Heavy  rains  in¬ 
crease  the  weight  of  trench  fill  and  reduce  the  frictional  resistance 
at  the  sides.  I  know  of  one  case  where  a  trench  was  sheeted  and 
the  sheeting  left  in  place  after  backfilling,  with  the  result  that  a 
particularly  heavy  rain  caused  failure  of  the  pipe.  Analysis 
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showed  that  the  pipe  was  evidently  subjected  to  the  full  weight 
of  the  backfill.  Additional  fills  on  top  of  a  thoroughly  solidified 
old  fill  will  produce  but  Slight  increments  of  loading. 

There  is  another  difference  between  pipe-lines  and  other  struc¬ 
tures  :  Most  failures  tend  to  accentuate  themselves ;  but,  in  the 
case  of  a  pipe  subjected  to  external  earth  pressures,  the  greater 
the  failure  of  the  pipe,  indicated  by  deflection,  the  greater  the  re¬ 
sistance  of  the  surrounding  soil  to  its  extension. 

As  indicative  of  this,  attention  is  called  to  Fig.  4.  The  three 


Fig.  4.  Reinforced  Concrete  Pipe  Culverts,  Showing  Tendency  to  Crack 

Under  Fills. 


culverts  here  shown  were  all  designed  for  a  uniform  vertical  load 
of  2500  pounds  per  square  foot  without  crack,  and  5000  pounds 
per  square  foot  ultimate  load,  no  allowance  being  made  for  lateral 
pressure.  Cracks  actually  occur  in  each  case  under  expected  loads 
but  although  the  highest  fill  must  produce  at  least  three  times  as 
great  a  load,  the  ultimate  strength,  due  to  lateral  pressure,  has 
not  been  reached.  This  lateral  pressure  consists  primarily  of  the 
thrust  of  the  fill  against  the  rigid  pipe  structure,  up  to  the  point 
where  cracking  occurs.  Beyond  this  point,  the  deflection  of  the 
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'  pipe  increases  rapidly,  exerting  a  greatly  increased  reacting  lateral 
thrust  against  the  fill  which  may  eventually  become  as  great  as 
the  vertical  load  itself.  In  this  condition,  the  pipe  can  continue 
to  support  increased  heights  of  fill  without  any  additional  degree 
of  failure.  These  pipes  should  never  have  been  installed  under 
more  than  20  feet  initial  fill.  I  am  confident  that  they  are  typical 
of  many  cases,  not  so  subject  to  investigation,  and  which  indicate 
the  necessity  of  more  thorough  engineering  supervision.  Concrete 
pipe  under  ground  is  in  an  ideal  condition  to  gain  strength  rather 
than  lose  it.  Consideration  of  the  above  facts  indicate  that  an  ex¬ 
ceptionally  small  factor  of  safety  will  prove  satisfactory  for  con¬ 
crete  pipe-lines  under  external  load,  if  proper  engineering  atten¬ 
tion  is  paid  to  the  details.  The  American  Society  for  Testing 
Materials,  with  the  Iowa  tests  as  a  basis,  has  approved  a  factor 
of  safety  of  1.5  as  being  satisfactory  and  sufficient  for  sewer-pipe. 

In  the  same  society’s  specifications  for  plain  cement  sewer- 
pipe,  certain  shell  thicknesses  and  test  loads  are  required,  and  in 
order  to  meet  these  requirements,  the  concrete  must  develop  a 
modulus  of  rupture  in  flexure  of  1050  pounds  per  square  inch. 
Manufacturers  of  machine-made  cement  pipe  are  meeting  this 
test  without  difficulty,  and  in  many  instances,  far  exceeding  it. 
Tests  at  Pottstown,  Pa.,  in  January  1921,  on  machine-made  pipe 
showed  the  following  results : 


Diameter  of  pipe 

No.  of 

Age  when  tested  Modulus  of  rupture 

in  inches 

tests 

in  days 

Max. 

Min. 

Avg. 

12 

9 

7  to  30 

1773 

1050 

1316 

15 

10 

4  to  28 

1629 

972 

1277 

18 

8 

7  to  30 

1333 

1040 

1171 

21 

9 

7  to  30 

1182 

901 

1025 

24 

20 

5  to  28 

1396 

902 

1133 

30 

3 

80 

1 544 

1390 

1465 

Tests  made  at  the  University  of  Arizona  (their  Bulletin 
No.  86)  on  pipe  three  to  four  months  old  gave  the  following 
averages : 


Diameter  in  inches 

Average  modulus  of  rupture 

12 

1067 

16 

953 

20 

904 
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This  latter  pipe  was  all  made  on  a  packer-head  machine, 
which  will  be  described  later,  but  of  which  the  Bulletin  says,  “The 
smaller  the  pipe,  the  better  and  more  densely  it  was  packed.  This 
is  perhaps  characteristic  of  packer-head  pipe  and  indicates  that 
the  packer-head  principle  is  better  adapted  to  small  sizes  of  pipe 
than  to  large  sizes.” 

Before  proceeding  to  a  discussion  of  reinforced  pipe  design, 
it  is  desirable  here  to  call  attention  to  a  definite  fact  as  demon¬ 
strated  by  the  above  data,  and  as  recognized  in  the  use  of  all 
plain  cement  pipe :  Concrete,  of  the  character  used  in  plain,  ma¬ 
chine-made,  cement  sewer-pipe,  develops  considerable  tensile 
strength  in  flexure,  which  is  taken  into  consideration  in  the  design 

Cast  concrete  will  not  develop  over  two-thirds  of  the  flexural 
strength  of  machine-made  concrete.  In  the  Arizona  tests,  only 
about  three-fifths  as  much  strength  was  developed. 

A  comparison  will  now  be  made  between  a  plain  pipe,  of 
machine-made  quality,  and  the  same  with  reinforcing  added. 

Assume  a  plain  pipe,  48  inches  in  internal  diameter  with  a 
four-inch  shell,  a  modulus  of  rupture  of  1050  pounds  per  square 

12  X  42 

inch,  and  resisting  moment  per  foot  =  1050  X - =  33,600 

6 

inch  pounds.  Adding  one  per  cent,  reinforcing,  placed  one-inch 
from  the  surface,  and,  by  ordinary  principles  of  reinforced  design, 
for  equal  strength:  7/8  A  f  t  —  33,600  inch  pounds,  and,  solving 
for  the  steel  stress,  f s  =  35,500  pounds  per  square  inch. 

This  is  slightly  in  excess  of  the  yield-point  of  mild  steel,  and 
since  reinforced  concrete  reaches  its  ultimate  strength  when  the 
steel  reaches  its  yield-point,  the  addition  of  steel  does  not  increase 
the  strength  of  this  pipe  by  the  ordinary  principles  of  design. 
(Were  the  shell  thicknesses  such  as  would  compare  with  ordinary 
reinforced  beam  depths,  and  the  concrete  of  “cast”  quality,  the 
results  would  be  quite  different.) 

The  theoretical  working  stress  in  this  steel  would  ordinarily 
be  16,000  pounds  per  square  inch.  The  comparable  extreme  fiber 
stress  in  the  concrete  would  he  475  pounds  per  square  inch,  and 
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the  actual  stress  in  the  steel,  at  half  the  distance  from  the  neutral 
axis  and  with  10  times  the  modulus  of  elasticity  would  be  only 
2375  pounds  per  square  inch.  With  the  concrete  acting  in  tension, 
the  steel  increases  the  working  strength  of  the  pipe  only  about  1 1 
per  cent,  at  an  increased  cost  of  manufacture  of  approximately 
60  per  cent.  The  same  result  could  be  obtained  by  omitting  the 
steel  and  using  a  shell  434  inches  thick  at  an  increase  in  cost  of 
but  seven  per  cent.  (This  does  not  include  overhead  or  freight 
charges.) 

In  ordinary  design  of  reinforced  concrete  flexural  members, 
it  is  a  recognized  fact  that  the  concrete  on  the  tensile  side  of  the 
member  is  cracked,  even  under  safe  loads,  near  the  points  of  maxi¬ 
mum  moment.  Since  pipe-lines  may  carry  liquids  which  would 
subject  exposed  steel  to  corrosion,  and,  since  the  first  crack  will  in 
all  probability  occur  along  the  invert  of  the  pipe,  it  is  of  funda¬ 
mental  importance  that  this  crack  be  prevented  under  the  expected 
loads.  This  necessarily  involves  consideration  of  the  tensile 
strength  of  the  concrete  in  flexure. 

We  are  now  ready  to  advance  new  and  rather  unique  princi¬ 
ples  of  reinforced  concrete  design,  as  applied  to  the  design  of 
pipes,  and  which  are  thoroughly  consistent  with  test  results : 

The  design  for  zvorking  load  shall  be  based  upon  the  modulus 
of  rupture  of  the  concrete,  and  shall  be  such  that  the  concrete 
zmll  not  crack  under  the  load.  The  steel  acting  zvitli  proportionate 
stress,  according  to  its  position  in  the  shell,  may  be  figured  in  de¬ 
termination  of  the  resisting  moment.  The  design  for  ultimate 
load,  zi'hich  zmll  be  from  \]/2  to  2  times  the  zvorking  load  according 
to  the  factor  of  safety  adopted,  shall  be  based  upon  the  steel, 
stressed  to  the  yield-point,  zvith  the  concrete  considered  as  cracked 
and  incapable  of  taking  any  tensile  stress. 

The  reinforcing  in  pipe  may  consist  either  of  plain  rod  rings, 
wired  to,  and  held  in  place  by  longitudinal  bars;  some  type  of 
mesh  fabric ;  or  continuous  spirals.  The  latter  offers  a  distinct 
advantage  in  that  there  is  no  distortion  or  weakened  section  due 
to  lapped  reinforcing. 

Several  methods  of  placing  the  reinforcing  are  possible.  In 
Fig.  5,  sketches  a  and  b  show  single  and  double  concentric  rings. 

The  single  ring  should  be  used  only  in  small-size  pipe  in  which 
the  shell  is  not  sufficiently  thick  to  permit  the  use  of  two  rings. 
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Owing  to*  its  position  in  the  center  of  the  shell,  it  is  inactive  until 
the  concrete  has  cracked  and  is,  even  then,  not  very  efficient.  A 
plain  pipe  designed  for  the  same  ultimate  load  would  be  far  more 
economical. 


Fig.  5.  Various  methods  of  Steel  Distribution  and  Details  of 

Various  Joints. 

With  two  rings,  the  inner  ring  acts  at  the  crown  and  invert, 
and  the  outer  ring  at  the  haunches,  in  taking  tensile  stress  due  to 
a  vertical  load.  This  system  is  equally  effective  in  resisting  loads 
at  any  angle. 

Sketches  c  and  d  accomplish  the  same  results  for  vertical 
loads  with  a  single  line  of  reinforcing.  The  steel  in  c  being  in  an 
oval  shape,  is  under  initial  strain  when  placed  in  the  pipe  form  and 
is  difficult  to  hold  in  proper  position.  A  much  more  serious  objec¬ 
tion  is  the  fact,  that,  if  the  pipe  should  be  rotated  90  degrees  from 
the  position  shown,  the  reinforcing  becomes  totally  ineffective  and 
might  as  well  have  been  omitted. 
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The  design  shown  in  d  is  much  less  liable  to  the  latter  criti¬ 
cism,  since  the  pipe  is  oval,  and,  if  the  first  section  be  placed  in 
proper  position,  the  rest  must  follow  suit  in  order  to  fit  the  joints. 
Conversely,  if  the  first  section  is  wrong,  they  are  all  wrong.  This 
type  of  pipe  is  usually  marked  “TOP”  at  the  extremities  of  its 
longer  axis  to  prevent  the  possibility  of  the  above  blunder.  Should 
the  heaviest  thrust  on  the  pipe  be  in  some  other  direction  than  ver¬ 
tical  the  reinforcing  in  sketches  c  and  d  loses  much  of  its  effec¬ 
tiveness.  The  bending  moment  in  oval  pipe  is  from  three  to  five 
per  cent,  greater  than  in  round  pipe  for  equal  loads. 

There  is  a  great  variety  in  the  types  of  joint  used.  (See  Fig. 
5.)  The  familiar  full  bell  and  spigot,  so  common  on  cast-iron  and 
clay  pipe  is  extensively  used  on  concrete  also.  A  very  desirable 
modification  is  shown  in  the  ’“self-centering”  joint.  This  is  not 
practicable  in  either  cast-iron  or  clay,  as  it  calls  for  a  truly  cir¬ 
cular  section  and  these  materials  are  subject  to  considerable  warp¬ 
ing.  Its  advantage  lies  in  the  fact  that  a  continuous  straight  line 
of  invert  is  obtained  when  the  spigot  is  shoved  into  its  seat.  Ir¬ 
regularities  of  the  invert,  with  small  dams  formed  at  each  joint, 
will  offer  more  resistance  to  flow  that  minute  roughness  of  the 
surface.  In  spite  of  careful  inspection,  it  is  next  to  impossible  to 
prevent  the  occurrence  of  many  such  dams  when  using  ordinary 
full  bell  and  spigot  pipe.  The  use  of  self  centering  joints  will 
permit  a  reduction  of  n  from  0.015  to  0.013  in  Kutter’s  Formula, 
or  similar  reduction  where  other  coefficients  are  used.  The  bell 
and  spigot  in  large  pipe  may  be  modified  so  that  no  projection  be¬ 
yond  the  barrel  of  the  pipe  occurs.  This  offers  advantages  in 
manufacture,  shipping,  and  laying  that  are  of  considerable  import¬ 
ance.  Some  special  modifications  of  this  type  of  joint  are  shown 
in  the  “lock  joint”  and  “core  joint”,  both  of  which  are  patented 
features.  These  provide  a  certain  degree  of  structural  continuity 
in  the  pipe-line,  due  to  the  overlapping  reinforcement,  or  cement- 
grout  key  placed  in  the  joint.  The  joint  in  large  size  “lock  joint” 
pipe  is  filled  from  the  inside.  Small  “lock  joint"  pipe  and  all 
“core  joint”  pipe  joints  are  filled  with  cement-grout,  poured 
through  a  hole  tapped  in  the  top  of  the  bell  after  the  pipe  is 
placed  in  position.  A  metal  band  is  placed  on  the  inside  of  the 
joint  during  this  operation.  The  perfect  joint,  to  which  no 
objection  can  be  found,  remains  to  be  developed. 
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Mention  has  already  been  made  of  two  types  of  pipe — “cast” 
and  “machine  made.”  “Cast”  pipe  is  pipe  in  which  the  concrete 
mix  contains  sufficient  water  to  permit  of  pouring  into  the  forms 
and  compacting  without  other  aid  than  rodding,  hand  tamping,  or 
the  use  of  jigging  platforms.  The  comparatively  narrow  space 
into  which  the  concrete  must  be  poured,  sometimes  obstructed  by 
two  lines  of  reinforcing,  calls  for  considerable  fluidity  of  the  mix 
if  a  smooth  continuous  shell  is  to  be  obtained.  Such  a  pipe  must 
be  left  in  the  forms  at  least  until  permanent  set  has  taken  place. 
The  amount  of  water  used  in  the  mix  is  considerably  in  excess  of 
the  amount  required  for  hydration  and  the  resultant  concrete  is 
thereby  weakened.  All  field-made  pipe  is  necessarily  of  this  type. 

“Machine-made”  pipe  is  manufactured  upon  two  different 
machine  principles.  One  machine,  known  as  the  packer  head,  is 
serviceable  only  for  pipe  up  to  30  inches  in  diameter,  being  much 
more  efficient  in  the  smaller  sizes.  The  packer  head  is  a  cylinder, 
in  diameter  equal  to  the  bore  of  the  pipe,  surmounted  by  a  set  of 
outwardly  deflecting  vanes,  and,  in  some  cases,  a  pair  of  wings  ex¬ 
erting  downward  pressure.  This  head  is  inserted  centrally  in  the 
outside  pipe  form,  and  revolved  as  the  concrete  is  fed  in  from  the 
top.  As  it  revolves,  it  rises  through  the  form,  the  vanes  press  the 
concrete  downward  and  outward  to  form  the  shell,  and  the  cylinder 
following  trowels  the  inside  surface.  Various  machines  differ  in 
detail  as  to  the  moving  parts,  but  the  general  principle  of  all  is 
the  same. 

The  other  type  of  machine,  known  as  the  power  tamping 
machine,  is  applicable  and  eoually  efficient  for  all  sizes  of  pipe. 
In  general,  the  machine  consists  of  an  external  form  revolving 
around  a  stationary  metal  core.  The  concrete,  fed  in  from  the 
top.  is  packed  by  power  tampers  acting  at  a  high  speed  and  ex¬ 
erting  several  hundred  pounds  pressure.  The  tamping  occurs  on 
successive  layers  only  an  inch  or  two  thick  and  covers  the  com¬ 
plete  surface  of  each  laver.  The  outer  form,  revolving,  carries 
the  concrete  with  it,  and  the  stationary  core  acts  as  a  trowel  against 
the  moving  surface.  When  the  form  is  filled,  the  core  is  drawn 
out.  With  either  type  of  machine,  the  pioe,  still  incased  in  the 
outer  form,  is  then  removed  to  a  curing  chamber  where  the  form  is 
stripped  from  it,  leaving  the  pipe  standing  upon  a  ring  pallet 
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which  formed  the  bottom  of  the  mold.  The  entire  mold,  with  the 
exception  of  the  pallet,  is  now  ready  to  he  used  over  again. 

It  is  quite  evident  that  the  mix  used  in  these  machines  must 
be  of  a  stiff,  self-supporting  consistency  or  the  pipe  would  slump 
upon  removal  of  the  form.  There  is  danger  of  using  too  little 
water,  and  thus  obtaining  a  mix  which,  while  it  will  stand  up  per¬ 
fectly,  is  too  dry  and  will  not  develop  much  strength.  Whether 
sufficient  water  for  hydration  has  been  used  is  always  possible  of 
determination  by  an  examination  of  the  exterior  surface  of  the 
finished  pipe.  If  too  dry,  the  pipe  will  show  a  smooth,  granular, 
porous  structure,  while  a  pipe  made  of  concrete  containing  the 
proper  amount  of  water  will  be  covered  with  a  web  of  honey¬ 
comb  like  markings,  caused  by  the  suction  on  removal  of  the  outer 
form. 

It  is  possible  with  proper  use  of  this  machine  to  obtain  pipe 
at  least  50  per  cent,  stronger  than  can  be  obtained  by  the  ordinary 
casting  methods.  These  machines  originally  used  but  a  single 
tamper,  and  were  unable  to  tamp  effectively  a  shell  containing  rein¬ 
forcing.  Recently,  multiple  tampers  have  been  introduced  thus 
making  possible  the  tamping  of  concrete  on  each  side  of,  and  be¬ 
tween,  the  lines  of  reinforcing. 

It  is  impracticable  to  attempt  to  fix  upon  any  definite  propor¬ 
tion  of  aggregate  and  cement  for  concrete  pipe.  With  thin  shells 
in  small  sizes,  the  use  of  fine  aggregate  only  is  possible,  and. 
naturally,  a  rich  mix  is  necessary.  With  larger  pipe  and  thicker 
shells,  coarse  aggregate  can  be  introduced — the  maximum  size 
being  limited  to  about  ^4-inch  due  to  the  small  clearance  around 
the  reinforcing.  Increasing  the  percentage  of  coarse  aggregate 
reacts  favorably  upon  the  strength  and  absorptive  qualities  of  the 
pipe  even  with  leaner  mixes,  but  is  detrimental  to  a  permeability 
test. 

The  manufacturer  should  be  allowed  considerable  latitude 
in  the  questions  of  mix,  shell  thickness,  and  amount  of  reinforc¬ 
ing,  as  these  may  economically  be  varied  among  themselves  to  ob¬ 
tain  equally  satisfactory  results  to  the  purchaser.  Control  of  the 
results  can  best  be  regulated,  to  the  satisfaction  of  all  parties  con¬ 
cerned,  through  comprehensive  and  thorough  tests  of  the  finished 
product. 
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The  usual  tests  for  concrete  pipe  consist  of  load  test,  absorp¬ 
tion  test,  and  hydrostatic  test.  The  load  test  has  been  subject  to 
material  change  in  the  method  of  application,  during  the  last  20 
years,  and  is  now  practically  standardized  along  lines  of  thorough 
reliability. 

In  early  tests,  it  was  customary  to  support  the  pipe  in  a  rigid 
cradle  while  the  load  was  applied  through  an  equally  rigid  saddle. 
The  result  was  that  the  load  depended  more  upon  the  strength  of 
the  supports  than  upon  the  pipe  structure.  The  load  concentrates 
at  the  quadrant  points  and,  as  shown  in  Fig.  3,  produces  but  slight 
bending  moment,  being  supported  largely  by  compression  in  the 
sides  of  the  pipe. 

In  other  tests,  bags  of  sand  or  cement  were  piled  around  and 
over  the  pipe ;  or  the  pipe,  between  heavy  timbers,  was  surrounded 
by  sand  and  the  load  placed  upon  this  sand  bed.  These  latter 
methods  develop  an  unknown  amount  of  arch  action  relieving  the 
load  on  the  pipe. 

In  recent  years,  the  tendency  has  been  to  concentrate  on  three 
tests  which  have  been  standardized  by  the  American  Society  for 
Testing  Materials,  and  are  known  as  the  ‘‘two-point”,  “three- 
point,”  and  “sandffiox”  bearing  tests. 

In  the  two-point  test,  the  bearing  strip  is  of  steel,  one  inch 
wide,  with  a  cap  of  plaster  of  Paris  to  take  care  of  inequalities  in 
the  pipe  surface.  It  is  difficult  to  obtain  the  proper  balance  on 
this  strip  in  testing  large  pipe,  and  the  plaster  bed  tends  to  squeeze 
out  under  the  pressure  of  the  pipe  weight  when  placed  in  position. 

The  three-point  test  consists  of  a  single  line  bearing  at  the 
top  and  two  line  bearings  centered  two  inches  apart  at  the  bottom, 
no  plaster  bed  being  used.  No  difficulty  in  obtaining  a  balance  on 
the  lower  bearing  is  encountered,  and  any  marked  inequalities  in 
the  surface  can  be  removed  with  a  chisel  if  they  project,  or,  if  con¬ 
cave,  can  be  filled  out  with  metal  liners.  Due  to  the  two  bearings 
at  the  bottom,  there  will  be  a  slight  error  in  the  calculated  bending 
moment  as  deduced  from  the  formula  for  concentrated  load.  This 
will  not  be  appreciable  for  large  pipe  and  is  negligible  for  small 
pipe  on  account  of  the  disproportionate  shell  thickness  in  these 
sizes. 

The  sand-box  test  was  devised  and  extensively  used  at  Iowa 
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State  College  in  tests  on  concrete  pipe,  and  is  frequently  called 
the  “Iowa  test.”  In  this  test,  the  upper  and  lower  quadrants 
of  the  pipe  are  bedded  in  sand.  The  upper  sand  bed  is  contained 
in  a  rigid  box.  Strips  of  cloth  along  the  lower  edges  prevent  the 
escape  of  sand  and  keep  the  box  from  bearing  against  the  pipe. 
The  load  is  applied  uniformly  to  the  upper  sand  bed.  This  test 
has  been  found  to  produce  upon  a  pipe  effects  similar  to  that  of 
an  equal  load  of  ditch  filling,  and  for  this  reason  it  has  been  strong¬ 
ly  recommended  as  a  logical  test  for  sewer-pipe.  From  what  has 
already  been  said,  it  is  evident  that  the  test  does  not  represent  the 
conditions  of  a  fill  and,  as  a  general  pipe  test,  it  is  subject  to  the 
criticism  that  the  arching  action  in  the  sand  is  likely  to  cause  a 
concentration  of  loading  at  the  quadrant  points  where  it  produces 
a  comparatively  small  bending  moment.  Since  the  box  is  built 
to  resist  lateral  deflection,  it  offers  an  indefinite  amount  of  lateral 
resistance  to  pipe  deflection.  Tests  have  shown  that  the  moment 
produced  varies  materially  from  the  theoretical  value  for  a  uni¬ 
form  quadrant  load,  and  the  empirical  formula  M  —  0.10/ /  T/  has 
been  adopted. 

For  a  thoroughly  reliable  test  of  the  pipe  structure,  and  one 
subject  to  analysis,  the  two-point  or  three-point  bearing  tests  are  to 
be  preferred  over  any  others  yet  devised.  I  have,  however,  one 
criticism  of  the  arrangement  for  these  two  tests — the  point  of  ap¬ 
plication  of  the  load  is  at  the  center  of  the  bearing  which  rests  on 
the  barrel  of  the  pipe,  only.  The  bell  is  not  loaded.  In  testing 
plain  pipe,  the  failure  is  practically  instantaneous  and  its  progress 
cannot  be  noted.  In  studying  the  progress  of  failure  in  reinforced 
pipe,  it  will  be  found  that  the  crack  usually  begins  at  the  spigot 
end  and  progresses  through  the  body  to  the  bell,  indicating  a 
heavier  flexural  stress  at  the  spigot  end.  By  moving  the  point 
of  application  of  the  load  nearer  to  the  bell,  so  that  it  is  more 
nearly  over  the  center  of  resistance  of  the  pipe  shell,  an  increase 
of  from  10  to  20  per  cent,  in  the  supporting  capacity  of  the  pipe 
can  be  obtained  with  an  instantaneous  crack  from  end  to  end 
when  the  critical  load  is  reached.  The  three-point  test  is  generally 
preferred  by  the  eastern  railroads  and  state  highway  departments 
in  testing  culvert  pipe. 

Fig.  6  shows  method  of  testing  five-foot,  reinforced  concrete, 
railroad-culvert  pipe  with  three-point  bearing  at  the  United  States 
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Bureau  of  Standards  laboratory  in  Pittsburgh.  This  series  of 
tests  covered  reinforced  pipe,  three,  four,  five  and  six  feet  in  di¬ 
ameter.  The  pipe  was  shop  made,  of  cast  concrete  with  shell 
thicknesses  varying  from  3.5  inches  for  the  three-foot,  to  six  inches 
for  the  six-foot  pipe.  The  pipe  averaged  1000ZJ  pounds  per  foot 


Fig.  6.  Testing  Reinforced  Concrete  Pipe. 


load  at  the  first  crack,  and  from  2000 D  pounds  to  2500 D  pounds 
ultimate  load  ( D  being  the  mean  diameter  of  the  pipe,  in  feet). 
The  modulus  of  rupture  of  the  concrete  varied  from  652  to  742 
pounds  per  square  inch,  averaging  691  pounds  per  square  inch. 


1923 1  LA MBIE— CONCRETE  PIPE  H'l 

In  the  absorption  test,  a  thoroughly  dried  sample  of  concrete, 
broken  from  the  pipe,  is  immersed  in  water  at  room  temperature 
for  a  period  of  48  hours,  or  is  immersed  in  boiling  water  for  five 
hours.  Concrete  will  absorb  but  very  little  additional  water  in 
periods  of  immersion  longer  than  48  hours.  The  boiling  test  is 
supposed  to  produce  an  accelerated  effect,  but  seems  to  produce 
increased  absorption  over  ordinary  immersion  regardless  of  the 
length  of  time  allowed.  The  percentage  increase  in  weight  should 
not  exceed  six  per  cent,  after  ordinary  immersion  or  eight  per 
cent,  after  boiling.  Low  absorption  is  accompanied  by  high  re¬ 
sistance  to  action  of  acids  and  alkalies. 

Hydrostatic  tests  are  for  the  purpose  of  determining  strength, 
in  the  case  of  pressure  pipe,  and  determining  permeability  of  grav¬ 
ity  pipe,  particularly  sewer-pipe.  The  pressure  in  a  permeability 
test  is  limited  to  15  pounds  for  30  minutes.  The  pipe  should  not 
show  any  leakage  at  the  end  of  the  test.  Occasionally  beads  of 
water  or  even  a  slight  trickle  will  appear  during  the  progress  of 
the  test.  If  this  has  disappeared  at  the  conclusion,  it  is  not  con¬ 
sidered  detrimental. 

The  importance  of  tests  cannot  be  overestimated  in  an  en¬ 
deavor  to  obtain  and  maintain  a  high  quality  of  pipe.  It  is  too  fre¬ 
quently  the  case,  that,  although  called  for  in  the  specifications, 
they  are  omitted  as  being  too  troublesome  to  perform.  It  is  of 
great  importance,  to  the  manufacturer  as  well  as  the  engineer  and 
the  consumer,  that  this  condition  be  remedied  so  that,  through  a 
better  and  more  comprehensive  knowledge  of  the  principles  gov¬ 
erning  the  design,  manufacture,  and  use  of  concrete  pipe,  a  more 
efficient  service  can  be  rendered  by  this  rapidly  growing  industry. 


DISCUSSION 

« 

Mr.  J.  M.  Rice:*  As  a  water- works  engineer  I  am  very 
much  interested  in  the  question  of  the  heads  for  which  reinforced 
pipe  has  been  developed.  Also,  I  would  like  to  know  whether  it 
has  proved  practicable  to  put  a  shell  of  wrought-iron  or  steel  pipe 
in  concrete ;  what  protection  would  he  secured  by  the  pipe  being 
in  concrete;  and  whether  you  could  put  a  mesh  on  the  outside  of 
the  steel  pipe  and  get  better  results  shooting  gunite  or  by  casting 
concrete  around  the  pipe. 

Mr.  Joseph  S.  Lambie:  Reinforced  concrete  pressure  pipe 
has  been  used  extensively  in  this  country  for  heads  up  to  180  feet. 
As  already  stated,  it  has  been  tested  in  England  under  a  450- foot 
head,  but  this  pipe  had  a  sheet-metal  core.  Such  pipe  is  not  manu¬ 
factured  in  this  country.  Sometimes  steel  pipe  is  coated  with 
concrete  as  a  preservative,  but  such  pipe  is  not  reinforced  concrete 
pipe.  A  coating  of  gunite  applied  to  the  surface  of  a  steel  pipe 
will  prolong  its  life  indefinitely.  Preferably  this  gunite  should  be 
applied  after  a  light  wire  mesh  has  been  placed  over  the  pipe 
surface.  Results  with  gunite  will  be  vastly  superior  to  a  cast 
coating. 

Within  the  last  few  years  there  has  been  developed  a  process  for 
making  pressure  pipe  by  the  centrifugal  process.  The  concrete 
is  poured  throughout  the  length  of  a  rapidly  revolving  mold  and  by 
centrifugal  action  is  compacted  with  great  density  on  the  walls 
of  the  mold.  It  is  largely  in  the  experimental  stage  as  yet  .but 
promises  great  things.  It  ofifers  the  decided  advantage  of  being 
able  to  use  a  wet  mix  and  then  remove  the  excess  water.  A  diffi¬ 
culty  is  in  the  collecting  of  lighter  and  poorer  ingredients  of  the 
mix  upon  the  inside  surface,  where  the  best  concrete  is  naturally 
desired.  This  coating  must  be  removed  to  get  a  good  pipe. 

Mr.  J.  M.  Rice:  This  English  pipe  has  a  reinforcement. 

Mr.  Joseph  S.  Lambie:  Yes.  It  is  spirally  wound  very 
much  like  pipe  made  to-day.  The  spiral  winding  provides  the 
strength  in  tension  and  the  sheet-steel  core  is  intended  only  to 
assure  impermeability. 


’'Consulting  Civil  Engineer,  Pittsburgh. 
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Mr.  H.  R.  Thayer,  Chairman  :*  Have  you  any  idea  as  to 
the  leakage  of  concrete  pipe? 

Mr.  Joseph  S.  Lambie:  I  have  no  data  on  that  particular 

point. 

Mr.  H.  R.Thayer,  Chairman  :  In  my  general  experience  al¬ 
most  anything  in  concrete  will  leak  at  180-foot  head;  the  only 
question  is  how  much  you  can  limit  it. 

Mr.  Joseph  S.  Lambie:  The  bulk  of  the  leakage  will  occur 
at  the  joints.  On  much  of  the  pressure  pipe  there  are  special 
metal  joints  which  permit  of  adjustment  and  tightening  to  prevent 
leakage. 

Mr.  H.  R.  Thayer,  Chairman  :  We  would  like  to  hear  from 
Professor  Smith  of  the  University  of  Pittsburgh. 

Mr.  J.  Hammond  Smith  :f  I  have  nothing  to  add  to  the 
discussion,  except  that  the  statements  of  Professor  Lambie  re¬ 
garding  the  method  of  loading  pipe  in  testing,  should  be  empha¬ 
sized. 

Loading  the  barrel  of  the  pipe  symmetrically,  and  allowing 
the  bell  to  overhang  without  provision  for  its  taking  its  share  of 
the  load  (in  accordance  with  A.  S.  T.  M.  specifications)  is  cer¬ 
tainly  not  a  fair  test,  nor  one  from  which  we  can  expect  to  secure 
consistent  results.  It  is  evident  that  the  A.  S.  T.  M.  specifica¬ 
tions  relating  to  the  testing  of  sewer-pipe  need  revision. 

Mr.  H.  R.  Thayer,  Chairman'.  It  seems  to  me  the  bell 
produces  considerable  additional  strength,  especially  when  it  is 
cemented  in  with  the  rest  of  the  pipe. 

Mr.  Joseph  S.  Lambie:  I  doubt  if  many  people  applying 
the  two-point  or  three-point  bearing  test  to  plain  concrete  pipe 
realize  its  unfairness.  The  failure  is  so  sudden  that  proper 

♦Markhart-Thayer  Engineering  Co.,  Pittsburgh. 

tProfessor  of  Civil  Engineering,  University  of  Pittsburgh,  Pitts¬ 
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observations  cannot  be  made.  The  test  would  be  very  materially 
improved  if  the  bell  could  be  loaded,  but  it  is  very  difficult  to  get 
a  line  bearing  against  body  and  bell  at  the  same  time.  In  some 
specifications  it  is  customary  to  remove  the  bell  and  test  the 
straight  barrel  only.  This  is  all  right  if  the  pipe  is  not  injured  in 
the  process.  I  believe  the  simplest  solution  lies  in  moving  the 
point  of  application  of  the  load  nearer  to  the  bell  end  of  the  pipe. 

Mr.  B.  A.  Ludgate  :*  In  the  experiments  made  at  Ames, 
Iowa,  what  means  were  employed  to  obtain  accurate  measure¬ 
ments  of  the  intensity  of  the  various  loads  in  various .  directions 
as  regards  the  pipe,  and  the  stresses  produced  in  the  pipe  when 
placed  in  a  trench  or  fill? 

Mr.  Joseph  S.  Lambie:  In  the  case  of  a  trench,  a  section 
of  sewer-pipe,  placed  between,  and  supported  by,  end  gate  walls, 
was  placed  in  a  trench  and  the  backfill  made  between  the  end 
gates.  The  load  supported  by  the  end  gates  was  measured  by  a 
leverage  system  and  platform  scale  on  the  ground  above.  In  the 
fill  there  were  retaining-walls  built  up  at  the  ends  of  a  culvert  20 
feet  long.  Each  two- foot  section  of  the  culvert  was  independently 
supported  on  a  lever,  fulcrumed  on  a  solid  concrete  foundation  and 
supported  at  the  outer  end,  which  was  beyond  the  retaining-wall, 
on  a  platform  scale.  There  is  a  question  in  my  mind  as  to  the 
accuracy  of  measuring  static  earth  pressures  on  any  type  of  bal¬ 
ance  scale.  To  measure  on  a  balance  you  must  have  movement, 
and  when  the  balance  is  struck  you  are  either  raising  or  lowering 
the  mass  of  superimposed  earth,  and  are  consequently  including 
either  positive  or  negative  frictional  forces  in  your  measurement 
and  not  simply  the  static  pressure.  If  a  pipe  were  to  be  accur¬ 
ately  gaged  for  deflections  under  various  known  loads,  the  actual 
intensity  of  static  pressures  under  conditions  of  use  might  be  de¬ 
termined  by  observations  of  deflection. 

Mr.  Wallace  S.  Brown  :f  In  manufacturing  various  pipe 
is  a  definite  amount  of  water  used  ? 


♦Assistant  Engineer,  Pittsburgh  &  Lake  Erie  Railroad,  Pittsburgh. 
tCarnegie  Steel  Co.,  Duquesne,  Pa. 
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Mr.  Joseph  S.  Lambie:  In  manufacturing  cast  pipe  the 
manufacturer  can  use  any  quantity  of  water  he  has  a  mind  to, 
with  very  marked  effects  upon  the  strength  of  the  pipe.  The  mix 
must  be  rather  wet  in  order  to  get  it  into  the  form.  In  machine- 
made  pipe  there  is  a  very  narrow  limit  within  which  you  can  vary 
the  amount  of  water.  With  too  much  water  the  pipe  will  not 
stand  up  on  removal  of  the  forms. 

Mr.  Wallace  S.  Brown:  Is  it  accurately  measured? 

Mr.  Joseph  S.  Lambie  :  It  must  be  accurately  measured  for 
machine-made  pipe.  A  quart  of  water  more  or  less  will  either 
make  the  pipe  slump  or  appear  granular  and  dry.  The  amount  is 
far  less  than  is  used  in  cast  pipe  and  results  in  greatly  increased 
strength  and  wearing  qualities  in  the  concrete. 

Prof.  F.  M.  McCullough  :*  I  was  interested  in  the  com¬ 
putation  of  the  modulus  of  rupture.  Was  the  method  based  on  a 
pipe  section  or  a  beam  section? 

In  reinforced  concrete  pipe,  is  the  working  load  such  that  the 
concrete  is  not  cracked  in  tension  ? 

Mr.  Joseph  S.  Lambie:  The  modulus  of  rupture  is  calcu¬ 
lated  from  the  flexure  formula  for  beams  and  the  theoretical  bend¬ 
ing  moment  for  the  type  of  load  used.  The  original  curvature  of 
the  pipe  section  as  it  affects  the  strains  under  load  is  ignored  in 
both  cases  and  is  therefore  probably  compensating.  It  is  generally 
believed  that  the  concrete  should  not  be  cracked  in  tension  under 
the  working  load,  but  the  usual  methods  of  design  based  on  a 
working  stress  in  the  steel  give  no  assurance  that  this  is  actually 
the  case.  I  have  endeavored  to  point  out  this  evening  a  new 
method  of  design,  based  on  the  strength  of  the  concrete,  which 
will  guard  against  cracks.  It  is  the  only  practical  way  in  which 
this  can  be  accomplished.  It  is  sometimes  quite  difficult  to  tell 
when  the  first  crack  forms.  This  is  particularly  true  with  the 
rough  tests  in  which  a  direct  load  is  applied.  With  a  hydraulic  or 

♦Professor  of  Civil  Engineering,  Carnegie  Institute  of  Technology, 

Pittsburgh. 
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counterbalanced  testing  machine  there  is  a  noticeable  jump  in  the 
gage  pointer  or  balance  arm  when  the  crack  occurs.  This  is  due 
to  the  sudden  transfer  of  stress  to  the  steel  and  a  momentary 
let  up  in  the  resistance  of  the  shell.  If  you  stop  the  test  at  this 
point  and  have  good  enough  eyes  and  hunt  long  enough  you  can 
invariably  find  the  crack.  With  a  direct  load  the  crack  will  not 
be  noticed  until  it  begins  to  open  up,  which  will  not  be  until  the 
steel  has  reached  its  yield-point. 

Prof.  F.  M.  McCullough  :  Are  those  cracks  determined 
by  the  water-mark  method  or  by  the  eyes  aided  by  a  reading  glass  ? 

Mr.  Joseph  S.  Lambie:  They  are  subject  to  direct  obser¬ 
vation  by  the  naked  eye,  if  good  enough,  as  a  very  faint  continu¬ 
ous  hair  line.  A  magnifying  glass  will  help.  Sometimes  when  in 
doubt  as  to  whether  actual  cracks  have  formed,  I  have  marked 
their  supposed  location  to  check  against  the  open  cracks  later  in 
the  test. 

Prof.  F.  M.  McCullough  :  Isn’t  it  possible  that  still  finer 
cracks  might  exist  before? 

Mr.  Joseph  S.  Lambie:  I  think  they  would  be  indicated 
by  the  machine  unless  present  at  the  beginning  of  the  test.  I 
always  had  difficulty  in  determining  when  cracking  did  occur  until 
I  noticed  the  sudden  drop  and  recovery  of  the  balance  arm.  Since 
then  I  have  made  minute  examinations  both  before  and  after  this 
drop  in  a  number  of  tests  and  have  always  found  the  crack  to  be 
coincident.  The  beam  will  act  as  a  reliable  telltale  for  any  trans¬ 
fer  of  stress  from  concrete  to  steel,  and  should  automatically  re¬ 
cord  any  cracking  that  occurs. 

Mr.  P.  J.  Freeman  :*  I  am  glad  to  hear  the  speaker  recom¬ 
mend  the  benefits  of  testing,  because  I  am  interested  in  testing. 

At  this  time,  I  would  like  to  ask  if  there  is  anyone  here  who 
knows  of  a  machine  that  has  been  designed  for  accurately  testing 

♦Chief  Engineer  of  Tests,  Pittsburgh  Testing  Laboratory,  Pitts¬ 
burgh. 
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concrete  pipe.  There  is  a  considerable  demand  for  such  machines, 
which  can  be  sold  at  a  reasonable  price,  and  yet  be  sufficiently 
accurate  for  the  purpose.  We  received  a  telegram  to-day  from 
Texas,  requesting  information  concerning  such  a  machine,  but  we 
were  unable  to  furnish  the  desired  information.  I  understand  one 
or  two  are  being  designed  in  Pittsburgh. 

We  find  from  our  inspection  of  pipe  over  the  country  that 
there  is  a  tendency  on  the  part  of  engineers  to  push  up  their  re¬ 
quirements  for  strength,  hoping  to  get  a  better  product,  but  per¬ 
haps  the  pipe  is  thus  made  to  cost  more  money  than  it  should  for 
the  service  required.  The  speaker  pointed  out  that  we  have  cer¬ 
tain  specifications  and  really  don’t  know  how  to  use  them.  One 
of  our  inspectors  just  sent  in  word  that  the  engineer  had  added  a 
few  hundred  pounds  more  to  his  requirements.  The  manufacturer 
will  of  course  raise  the  price  to  correspond.  Is  the  engineer  get¬ 
ting  any  better  pipe  for  the  service  than  if  he  had  stuck  to  his  old 
requirements?  He  is  basing  everything  on  strength,  which  is  only 
one  of  the  things  desirable  in  concrete.  We  must  have  imperme¬ 
ability,  regardless  of  the  strength  of  the  concrete.  We  have  the 
absorption  test  in  our  specifications,  but  many  engineers  do  not 
think  as  much  of  it  as  they  did  a  few  years  ago.  It  has  been 
found  from  an  extended  investigation  that  tile  having  the  high¬ 
est  impermeability  will  show  the  greatest  resistance  to  disintegrat¬ 
ing  agents,  but  the  absorption  tests  do  not  indicate  this  differ¬ 
ence.  The  difference  in  permeability  may  be  due  to  a  greater 
amount  of  cement  or  the  methods  of  manufacture.  It  seems 
possible  that  the  rate  of  absorption  might  be  used  as  a  measure  of 
durability,  but  the  ordinary  absorption  value  alone  does  not  seem 
to  indicate  the  necessary  qualities  for  resisting  disintegrating 
agents. 

The  United  States  Bureau  of  Public  Roads  has  been  mak¬ 
ing  a  number  of  impact  tests  and  has  found  that  the  impact  on  a 
road  from  a  truck  is  about  seven  times  the  static  load.  In  using 
pipe  of  any  kind  for  culverts,  which  are  not  paved  over,  will  there 
be  any  effect  on  the  tile  from  impact?  I  notice  in  your  curves 
that  the  American  Railway  Engineering  Association  does  recog¬ 
nize.  impact  in  its  specifications. 
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Mr.  Joseph  S.  Lambie:  Rate  of  absorption  is  closely  re¬ 
lated  to  permeability.  On  the  west  coast  the  hydrostatic  pressure 
test  for  permeability  is  considered  the  most  important  of  all  pipe 
tests.  A  pipe  that  contains  a  large  amount  of  fine  aggregate  is 
likely  to  pass  a  poor  absorption  test  and  a  good  permeability  test. 
The  opposite  is  true  of  a  pipe  containing  coarse  aggregate.  A 
permeable  pipe  will  have  a  porous,  open  structure,  quite  subject 
to  disintegration  by  alkali  action  where  such  soils  occur.  I  believe 
that  the  question  of  impact  will  be  considered  by  the  Joint  Com¬ 
mittee  in  due  course.  They  are  endeavoring  now  to  straighten  out 
this  question  of  earth  pressures  and,  until  they  get  somewhere 
with  that,  will  probably  not  confuse  the  issue  by  a  consideration 
of  impact.  Since,  when  impact  occurs,  there  is  little  earth  load, 
and  with  a  large  earth  load  or  fill  there  is  no  impact,  it  is  probable 
that  a  single  standard  can  be  obtained  that  will  be  satisfactory  in 
either  place. 

You  spoke  of  engineers  increasing  their  strength  require¬ 
ments.  They  are  not  doing  it  with  any  great  degree  of  system. 
A. failure  occurs  and  they  assume  that  the  pipe  is  not  strong 
enough,  when  it  is  quite  possible  that  it  is  being  used  under  con¬ 
ditions  for  which  it  was  never  intended.  A  standard  pipe  should 
not  be  designed  for  all  possible  conditions.  It  would  be  a  tre¬ 
mendous  economic  loss  to  do  any  such  thing  as  that.  Normal  con¬ 
ditions  should  be  the  basis  of  normal  pipe  design,  and  special, 
or  extra-strength  pipe  supplied  for  any  special  cases.  This  con¬ 
dition  is  well  recognized  in  the  cast-iron  pipe  field  and  the  pipe 
standardized  in  several  grades  accordingly. 

Mr.  C.  F.  Buente  :*  I  would  call  attention  to  the  present 
rather  unsatisfactory  manner  of  classifying  concrete  pipe.  As 
demand  has  been  created,  concrete  pipe  have  been  designed  and 
manufactured  for  use  in  sewers  and  in  highway  and  railroad 
culverts,  the  strength  of  each  of  these  classes  of  pipe  increasing 
somewhat  in  the  order  named.  Pipe  of  each  kind  is  used  almost 
exclusively  for  the  purpose  originally  intended,  and  presumed  to 
cover  all  conditions  of  loading  when  so  used.  It  is  at  present 

♦Consulting:  Engineer  and  Secretary,  Concrete  Products  Co., 
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difficult  to  secure  the  use  of  highway  culvert  pipe  for  sewer  pur¬ 
poses  when  the  depth  of  sewer  would  warrant  the  use  of  pipe  of 
greater  strength  than  the  pipe  known  as  sewer-pipe;  just  as, 
under  similiar  conditions,  it  is  difficult  to  secure  the  use  of  rail¬ 
road  culvert  pipe  under  highway  embankments.  This  inelastic 
method  of  classification  of  course  has  led  to  some  failures  of 
concrete  pipe. 

The  Joint  Committee  to  which  Professor  Lambie  has  referred 
will  undoubtedly  rectify  this  situation.  In  all  probability  this 
Committee  will  classify  pipe  according  to  its  load  carrying 
capacity  rather  than  according  to  the  use  to  which  it  is  applied, 
and  probably  in  a  manner  similar  to  the  present  classification  of 
cast-iron  pipe. 

Referring  to  the  question  of  pipe  testing,  I  would  like  to 
ask  Professor  Lambie  if  this  problem  could  not  be  solved  by 
designing  a  testing  machine  that  would  produce  a  uniform  de¬ 
flection  throughout  the  full  length  of  the  pipe. 

Mr.  Joseph  S.  Lambie:  That  would  solve  the  difficulty 
nicely.  In  our. tests  at  the  University  of  Pittsburgh,  the  load  was 
applied  at  the  center  of  the  bearing  resting  on  the  body  of  the 
pipe.  The  crack  started  at  the  spigot  end  and  progressed  through 
the  body  to  the  bell.  The  deflection  was  markedly  greater  at  the 
spigot  end.  In  the  tests  at  the  United  States  Bureau  of  Standards, 
the  bearing  rested  only  on  the  body  of  the  pipe,  but  the  crack,  as 
nearly  as  we  could  tell,  occured  coincidently  from  end  to  end. 
This  was  due  to  the  fact  that  the  pipe,  placed  entirely  inside  of 
the  machine,  rested  on  a  bed-plate  approximately  six  feet  square, 
while  a  similar  head  transferred  the  load  to  the  upper  bearing. 
As  the  head  and  base  approached  each  other  in  parallel  planes, 
the  pipe  was  deflected  uniformly.  Consequently  strain,  stress 
and  load  were  all  uniform.  Any  type  of  machine  or  method  of 
loading  which  will  produce  uniform  deflection  in  the  pipe  should 
give  equitable  test  results. 

Mr.  J.  S.  Martin  :*  Have  tests  been  made  on  other  shapes 
than  circular  pipe,  and  if  so,  how  do  they  compare  with  the 
circular  form? 


•Structural  Engineer.  Philadelphia  Co.,  Pittsburgh. 
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Mr.  Joseph  S.  Lambie:  Tests  have  been  made  on  oval 
pipe,  hut  as  far  as  I  know  the  results  are  not  available.  Theoreti¬ 
cally,  the  oval  pipe  must  carry  slightly  greater  bending  moments 
than  round  pipe  for  the  same  loads.  As  I  recall  it,  the  amount  is 
only  about  three  per  cent,  and  is  not  important. 

Prof.  C.  G.  Dunnells:*  I  understood  the  speaker  to  say 
that  in  designing  concrete  pipe  a  factor  of  safety  of  \l/2  had  been 
used.  Is  this  the  common  practice? 

Mr.  Joseph  S.  Lambie:  There  is  no  common  practice,  and 
that  is  one  of  the  reasons  why  I  mentioned  several  of  the  points 
in  this  talk  to-night.  A  factor  of  safety  of  iy2  is  sufficient  if 
you  know  the  loads  to  which  the  pipe  will  be  subjected.  The 
American  Society  for  Testing  Materials  has  approved  a  factor 
of  iy2  for  sewer-pipe.  That  assumes  there  is  an  engineer  on  the 
job  who  knows  his  business.  The  New  York  Central  Railroad 
asks  for  a  factor  of  safety  of  5  in  the  design  of  its  culvert  pipe. 
Such  a  design  would  be  absolutely  impracticable. 

Mr.  Wallace  S.  Brown:  Does  the  manufacturer  now 
manufacture  according  to  the  load  the  pipe  is  supposed  to  carry 
or  is  there  a  standard? 


Mr.  Joseph  S.  Lambie:  It  has  been  the  custom  to  manu¬ 
facture  standards  according  to  use  and  not  to  load.  Thus  there 
are  so-called  “sewer-pipe”,  “highway  culvert  pipe”,  “railroad 
culvert  pipe”,  etc.  This  is  all  wrong.  Standardization  should  be 
upon  a  load-carrying  capacity.  Some  manufacturers  will  specify 
the  load  which  the  pipe  will  support,  and  the  engineer  should  as¬ 
certain  this  and  be  governed  thereby  rather  than  by  a  name.  It  is 
the  job  of  the  Joint  Committtee  to  standardize  pipe  upon  some 
such  basis. 


Mr.  J.  M.  Rice:  Cast-iron  pipe  was  first  cast  in  six-foot 
lengths.  Now  it  is  made  up  in  12  and  16-foot  lengths.  Is  there 
any  limiting  factor  to  the  length  of  a  concrete  pipe. 


•Head,  Department  of  Building1  Construction,  C.arnegie  Institute 
of  Technology,  Pittsburgh. 
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Mr.  Joseph  S.  Lambie:  The  only  limiting  factor  is  the 
facility  for  handling  and  for  transportation.  Pre-cast  concrete 
pipe  has  been  made  in  lengths  varying  from  two  to  20  feet.  From 
four  to  eight  feet  are  the  most  common  lengths  Pipe  frequently 
must  be  installed  between  trench  lagging  braces  or  between  rail¬ 
road  tracks,  and  short  lengths  of  four  to  six  feet  are  desirable. 
Some  contractors  object  to  the  weight  of  longer  lengths,  while 
others  desire  them  on  account  of  the  smaller  number  of  joints. 

Mr.  H.  R.  Thayer,  Chairman :  I  would  like  to  ask  in  re¬ 
gard  to  pressures.  In  laying  pipe  it  is  customary  to  tamp  very 
thoroughly  around  the  bottom.  That  should  be  done  up  to  the 
springing  line.  That  would  tend  to  increase  the  lateral  pressure 
and  consequently  the  factor  of  safety.  You  assume  that  the  load 
is  vertical.  That  cannot  be  inclined  to  the  surface  of  the  pipe 
more  than  the  angle  of  friction  and  this,  for  a  smooth  concrete 
pipe,  is  very  low.  The  same  question  comes  up  in  the  design  of 
arches. 

In  regard  to  earth  pressure  there  has  been  a  great  deal  said 
by  learned  men  about  the  pressure  of  grain  in  bins.  If  you  con¬ 
sider  the  earth  pressure  as  inclined  it  increases  the  factor  of  safe¬ 
ty  a  great  deal.  If  the  pressure  is  radial  you  would  have  a  case 
of  pure  compression.  The  lateral  pressure  is  only  a  fraction 
of  the  vertical  pressure.  About  30  years  ago  we  used  to  design 
sewers  up  to  36  inches  with  a  single  row  of  brick  four  inches 
thick.  That  is  interesting  in  view  of  the  thickness  you  have 
named  at  the  present  time.  Of  course,  brick-work  would  have 
only  a  fraction  of  the  strength  you  get  with  a  plain  concrete. 

Mr.  Joseph  S.  Lambie:  The  lateral  pressure  intensity  will 
probably  be  only  about  1/3  or  *4  of  that  of  the  vertical  pressure 
as  long  as  the  pipe  is  rigid.  When  the  pipe  cracks,  it  deflects 
materially.  The  normal  lateral  earth  pressure  is  greatly  in¬ 
creased  due  to  this  lateral  expansive  tendency  in  the  pipe. 
Eventually  you  may  get  a  condition  with  a  failing  pipe  where 
the  lateral  and  vertical  pressures  are  equal  and  additional  load 
will  have  no  effect  upon  the  pipe.  Plain  pipe  cracked  into  four 
quadrants  has  frequently  been  found  on  excavating  deep  trenches, 
and  is  indicative  of  the  condition  above  mentioned. 
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Mr.  J.  M.  Dilley  :*  The  idea  is  prevalent  that  the  acidity 
of  domestic  sewage  is  harmful  to  concrete.  On  the  other  hand, 
domestic  or  sanitary  sewage  does  not  contain  acids  or  gases  that 
will  affect  standard  concrete  pipe.  Analyses  of  sewage  in  rep¬ 
resentative  cities  in  the  United  States  and  foreign  countries  have 
been  made,  showing  that  the  chemical  reaction  is  slightly  alka¬ 
line,  so  that  a  well-designed  mixture  for  concrete  pipe  properly 
made  should  show  no  disintegration. 

Mr.  Rudolph  Hering,  consulting  engineer  and  sanitary  ex¬ 
pert  of  New  York  City,  has  stated  that  in  an  inspection  of  con¬ 
crete  sewers  in  Vienna,  ten  to  twenty  years  old — where  both 
small  and  large  sizes  had  been  built  and  the  sewage  was  rather 
strong  due  to  unusually  small  per  capita  water-supply — no  signs 
of  disintegration  were  found,  but  the  surface  looked  dense 
and  smooth. 

Mr.  Joseph  S.  Lambie:  Concrete  is  not  subject  to  dis¬ 
integration  by  ordinary  domestic  or  municipal  sewage,  although 
much  propaganda  would  create  a  different  impression.  In  large 
trunk  sewers  and  in  sewage  disposal  works  this  question  is 
seldom  brought  up.  The  bulk  of  .the  discussion  occurs  where 
concrete  is  in  competition  with  some  other  material.  Cases  which 
show  disintegration  of  concrete  due  to  sewage  action  will  usually 
be  found,  on  investigation,  to  be  due  to  the  formation  of  sul- 
phu  reted  hydrogen,  and  its  condensation  into  concentrated  acid 
on  the  exposed  concrete  surface  above  the  sewage  where  the 
latter  has  become  septic.  There  can  be  no  question  that  concrete 
should  not  be  used  with  strong  acid  solutions,  but  ordinary  sewage 
seldom  shows  even  the  slightest  acid  reaction. 

I  have  advanced  several  radical  suggestions  in  reinforced 
concrete  design.  I  hope  it  is  distinctly  understood  that  I  am 
not  approving  these  for  general  use,  but  only  as  they  apply  to  the 
particular  problem  under  discussion — the  design  of  concrete  pipe. 
In  this  particular  field,  existing  methods  have  proved  very  un¬ 
satisfactory  and  results  of  tests  show  decided  variation  from 
what  was  anticipated,  indicating  that  new  methods  are  necessary. 


•Field  Engineer,  Portland  Cement  Association,  Pittsburgh. 


TESTING  THE  QUALITY  OF  LUBRICATING  OILS* 

By  Winslow  H.  HerschelI 


Introduction.  There  are  two  ways  of  buying  oil,  by  brand 
and  by  specification.  The  former  method  must  be  used  by  those 
whose  expenditure  for  lubricants  is  not  large  enough  to  warrant 
maintaining  an  oil  testing  laboratory.  W  hen  oils  are  bought  by 
brand  it  is  in  effect  buying  lubrication;  that  is,  the  price  of  oil 
includes  engineering  advice.  It  is  known,  however,  that  brands  do 
not  run  uniform,  and  large  consumers  of  oil  usually  prefer  to 
employ  their  own  chemists  and  lubrication  engineers  and  to  buy 
by  specification.  Government  tests  and  specifications  have  been 
published.1^: 

Not  many  years  ago  laboratory  methods  of  test  were  used 
mainly  for  identification,  to  determine  whether  two  samples  of  oil 
were  alike  or  different,  or  whether  an  oil  fulfilled  the  requirements 
of  specifications.  These  specifications  were  written  with  the  idea 
of  procuring  an  oil  that  should  be  a  Chinese  copy  of  an  oil  which 
had  proved  satisfactory  in  service.  For  this  purpose  it  was  not 
necessary  that  tests  should  indicate  the  quality  of  an  oil,  and  many 
of  the  tests  which  have  come  to  be  generally  accepted  do  not  indi¬ 
cate  quality  except  perhaps  indirectly.  It  is,  of  course,  admitted 
that  service  tests  are  the  court  of  last  appeal,  and  laboratory  tests 
can  serve  only  to  reduce  the  number  of  expensive  and  time  con¬ 
suming  service  tests  required,  but  it  must  be  remembered  that 
service  tests  as  well  as  laboratory  tests  are  subject  to  misinter¬ 
pretation. 

I  shall  consider  the  various  tests  in  use  and  indicate,  as  far 
as  present  knowledge  permits,  the  extent  to  which  each  test  is 
a  measure  or  indication  of.  quality;  but  it  will  be  necessary  first 
to  consider  what  are  the  desirable  qualities  of  a  lubricant.. 

Properties  of  a  Lubricant.  Lubricants  may  be  solid  or  fluid 
but  are  mainly  liquids.  A  solid  lubricant,  like  graphite,  appears 

•Published  by  permission  of  the  Director  of  the  U.  S.  Bureau  of 
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to  act  by  forming  a  smoother  rubbing  surface  than  that  of  the 
metal.  A  most  striking  example  of  this  is  furnished  by  the  use 
of  “aquadag”  in  drawing  the  tungsten  filaments  for  electric 
lights.’  The  dies  were  once  made  as  smooth  as  possible ;  now 
they  are  made  purposely  rough  better  to  retain  the  graphite  surface 
with  which  the  tungsten  actually  comes  in  contact.  It  is  now 
coming  to  be  believed  that  a  liquid  lubricant,  owing  to  its  property 
of  so-called  “oiliness,”  has  a  similar  effect  in  coating  the  rubbing 
surfaces  with  an  adsorbed  film  of  colloidal  dimensions. 

Under  certain  conditions  of  high  speed  and  low  pressure,  air 
is  an  efficient  lubricant,  as  shown  by  Kingsbury,2  and  by  Harrison 
in  the  Transactions  of  the  Cambridge  Philosophical  Society ,  1913, 
vol.  22,  p.  39. 

For  the  most  general  condition  of  lubrication  with  a  liquid, 
there  are  two  regimes  to  be  considered,  that  of  complete  film  lubri¬ 
cation,  at  high  speeds  or  low  pressures,  and  that  of  incomplete 
film  lubrication  due  to  low  speeds,  high  pressures,  or  inadequate 
supply  of  lubricant.  In  either  case  the  necessary  properties  of 
the  lubricant  may  be  divided  into  two  classes — those  which  assure 
that  the  lubricant  will  be  suitable  for  the  purpose  at  hand,  when 
new,  and  those  properties  which  indicate  durability ;  that  is,  the 
maintenance  of  the  original  properties  for  a  sufficiently  long  period 
of  time  in  storage  or  in  use. 

The  first  essential  of  a  lubricant  is  that  it  shall  be  fluid  enough 
to  reach  the  rubbing  surfaces  and  viscous  enough  to  remain  in  place 
and  prevent  metallic  contact.  The  lower  the  coefficient  of  friction 
the  better,  provided  it  is  not  obtained  at  too  great  a  sacrifice  of 
factor  of  safety  or  durability. 

The  most  commonly  made  tests  are  gravity,  color,  flash,  fire, 
pour  point,  and  viscosity,  which  will  be  considered  in  turn.  Some 
of  these  indicate  neither  suitability  nor  durability. 

Gravity.  There  is  no  relation  between  gravity  and  viscosity 
and  on  this  account  gravity  has  been  discarded  as  a  basis  for 
fuel-oil  specifications  and  fuel  oil  is  now  purchased  by  the  govern¬ 
ment  on  viscosity.  Similarly,  there  is  no  relation  between  gravity 
and  volatility,  and  specifications  for  gasoline  are  based  on  a  frac¬ 
tional  distillation. 
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Gravity  is  a  help  in  making  an  intelligent  guess  in  regard  to 
the  source  of  the  crude  oil  from  which  a  lubricant  is  derived.  Ac¬ 
cording  to  Parish,3  airplane  motor  oils  may  be  divided  into  high 
specific  gravity  oils  with  a  specific  gravity  above  0.9100  (“or  24 
degrees  Baume  conversion  by  the  Tagliabue  Manual  9th  Edition, 
or  below  23.85  degrees  Baume,  conversion  by  the  Bureau  of  Stand¬ 
ards  conversion  table,  Circular  No.  57”),  and  low  specific  gravity 
oils  with  a  specific  gravity  below  0.9100.  The  former  are  naph¬ 
thene-base  oils  and  the  latter  paraffin-base  oils. 

It  is  interesting  to  note  in  this  connection  that  the  long-stand¬ 
ing  discussion  between  the  United  States  Bureau  of  Standards  and 
the  petroleum  refiners  concerning  the  modulus  of  the  Baume  scale 
promises  to  be  settled  by  the  agreement  between  the  American 
Petroleum  Institute  and  the  Bureau  that  the  scale  based  upon 
the  modulus  of  141.5  shall  be  known  as  the  A.P.I.  scale  and 
shall  be  applied  only  to  petroleum  products,  while  the  scale  based 
on  a  modulus  of  140  shall  be  known  as  the  Baume  scale  and  shall 
be  reserved  for  other  liquids  lighter  than  water. 

At  the  present  time,  when  the  market  is  full  of  mixed  oils 
and  oils  from  the  mid-continent  field,  it  is  often  impossible  to 
describe  an  oil  as  either  distinctly  of  paraffin  or  of  naphthene  base. 
It  is  believed  that  satisfactory  lubricants  may  be  made  from  any 
crude,  and  in  government  specifications,  by  the  omission  of 
gravity  and  by  other  means,  care  has  been  taken  not  to  eliminate 
any  satisfactory  oil  on  account  of  its  source. 

Gravity  has  a  legitimate  use  in  determining  absolute  viscosity 
as  it  enters  into  the  relation  between  absolute  viscosity  and  the 
time  of  flow  as  measured  in  the  most  commonly  used  types  of 
viscosimeters. 

Color.  The  unwarranted  emphasis  put  upon  color  may  be 
partly  due  to  the  fact  that  the  fatty  oils,  in  use  as  lubricants  be¬ 
fore  petroleum  oils  were  put  upon  the  market,  were  of  light  color, 
and  color  is  a  property  easily  observed.  Refiners  claim  that  they 
have  to  make  oils  of  good  color,  whether  they  believe  them  of 
better  quality  or  not,  because  the  public  demands  it.  Doubtless 
also  refiners  have  educated  the  public  to  believe  that  a  clear,  light- 
colored  oil  is  always  of  good  quality.  This  is,  however,  not  con¬ 
firmed,  by  test,  and  a  water-white  oil  tested  by  the  Bureau  of 
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Standards  was  found  both  by  laboratory  and  engine  tests  to  be 
wholly  unfit  for  use,  as  it  gummed  badly. 

The  government  specifications  for  color  are  so  lenient  that 
it  might  be  said  they  serve  only  the  purpose  of  preventing  the 
introduction  of  more  stringent  requirements.  They  are  expressed 
in  terms  of  the  National  Petroleum  Association  scale,  but  no 
method  of  testing  is  given.  Numerous  instruments  have  been 
used  for  measuring  color  and  in  some  cases  conversion  tables 
are  available  between  the  different  instruments.4  It  is  believed, 
however,  that  the  importance  of  color,  for  the  consumer,  is  not 
great  enough  to  warrant  the  use  of  elaborate  apparatus,  and  the 
following  method  is  suggested  as  sufficiently  accurate  for  deter¬ 
mining  N.  P.  A.  colors. 

The  use  of  solutions  of  potassium  dichromate  as  color  stand¬ 
ards  was  suggested  by  Wertz5  for  varnishes  and  by  Francis4 
for  gasoline  and  kerosene.  Table  I  gives  potassium  dichromate 
solutions  necessary  to  match  N.  P.  A.  colors  as  determined  at 
the  Bureau  of  Standards.  Where  sulphuric  acid  is  used  as  the 
solvent,  the  acid  is  poured  into  the  water  before  the  dichromate 
is  added.  The  solutions  change  color  on  standing  and  must  be 
matched  immediately,  with  some  oil  used  as  a  secondary  stand¬ 
ard,  and  discarded. 

TABLE  I.-  POTASSIUM  DICHROMATE  SOLUTIONS  TO  MATCH 


N.  P.  A.  COLORS 

Grams  potassium 

Grams  H2S04  per 

dichromate  per 

A.  color 

Solvent  100  cc.  of  acid 

100  cc.  of  solvent 

1.0 

Water 

0.0057 

1.5 

Water 

0.0147 

2.5 

Water 

0.0453 

2.5 

Water 

0.0830 

3.0 

Water 

0.1361 

3.5 

60%H2SO4  110.2 

0.2910 

4.0 

ii 

0.4500 

4.5 

a  u 

0.5330 

5.0 

a  a 

0.6810 

6.0 

75%H2SQ4  138.0 

0.6800 

Two  sets  of  oils  were  used  in  matching — one  of  paraffin-base 
oils  received  from  W.  E.  Perdew,  Union  Petroleum  Company, 
Philadelphia,  and  one  of  mid-continent  crude  oils  received  from 
C.  K.  Francis,  Cosden  and  Company,  Tulsa.  Okla.,  but  no  differ¬ 
ence  could  be  detected  between  the  two  sets.  No  set  of  N.  P.  A. 
colors  of  naphthene-base  oils  was  available,  but  there  was  no 


1923] 


HERSCHEL — LUBRICATING  OILS 


307 


difficulty  in  matching  such  naphthene-base  oils  as  happened  to  be 
at  hand,  and  which  varied  from  2.0  to  3.5  N.  P.  A.  colors. 

The  two  acids  used  above  were  60  per  cent,  and  75  per  cent, 
by  volume,  of  95  per  cent.  acid.  It  is  believed  that  'Fable  I  will 
apply  equally  well  to  oils  of  any  base,  and  that  it  is  accurate 
enough  for  all  practical  purposes.  Extreme  accuracy  cannot  be 
obtained  by  any  method  unless  the  samples  are  viewed  in  a 
standardized  light. 

Fire  and  Flash-Points.  The  flash-point  is  to  some  extent  a 
measure  of  the  volatility  of  the  most  volatile  constituent  and 
hence  an  indication  of  fire  hazard  and  loss  from  evaporation.  'Flic 
flash-point  of  a  blend,  however,  is  higher  than  that  of  the  lighter 
oil.6  The  weakness  of  the  test  is  that  it  gives  no  indication  of  the 
amount  of  this  volatile  matter,  which  information  can  be  obtained 
only  by  an  evaporation  test7  or  fractional  distillation.8  Unfor¬ 
tunately  these  tests  have  not  been  standardized  or  generally 
adopted. 

The  fire  point  serves  as  a  check  on  the  flash-point,  too  great 
a.  difference  between  the  two  tests  sometimes  indicating  that  the 
flash-point  is  incorrect  because  of  failure  to  dry  out  the  sample 
bottle  after  washing  with  gasoline. 

Naphthene-base  oils  are  as  a  rule  lower  in  fire  and  flash¬ 
points  than  corresponding  paraffin-base  oils  of  the  same  viscosity. 
In  the  government  specifications  the  fire  point  has  been  omitted 
and  the  flash-point  has  been  kept  low  enough  not  to  cause  the 
rejection  of  oils  from  any  crude. 

Pour  Point.  The  effect  of  cold  upon  an  oil  may  be  ex¬ 
pressed  as  a  melting-point  or  as  a  temperature  of  solidification, 
the  present  tendency  being  to  discard  the  former  and  adopt  the 
latter  under  the  name  of  pour  point.1' 

When  machinery  is  to  be  used  out  of  doors  in  winter,  the 
pour  point  becomes  of  great  importance.  At  lower  temperatures 
the  oil  will  not  flow  and  hence  cannot  reach  the  rubbing  surfaces. 
The  pour  test  may  therefore  be  regarded  as  an  important  suit¬ 
ability  test. 

There  is  no  sudden  change  in  consistency  of  oils  at  the  pour 
point,  as  there  is  with  water  when  it  freezes ;  so  that  in  cranking 
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an  automobile,  for  example,  the  question  may  arise  whether  a  very 
viscous  oil  at  a  temperature  above  its  pour  point  offers  more  or 
less  resistance  than  another  oil  which,  at  the  same  temperature,  is 
below  its  pour  point.  The  evidence  appears  to  be  that  the  viscous 
oil  may  offer  the  greater  resistance  because  it  winds  about  the 
shafts  and  sticks  to  them,  while  the  oil  which  has  solidified  acts 
more  like  a  grease,  and  “channels that  is,  a  shaft  or  gear  cuts 
a  channel  which  does  not  fill  up.  As  the  machine  continues  to 
operate,  the  oil  will  heat  until  it  ceases  to  channel,  so  that  the 
temporary  increase  in  friction  due  to  lack  of  adequate  lubrication 
will  not  be  serious. 

A  very  low  pour  point  can  be  obtained  only  by  the  complete 
removal  of  paraffin,  if  originally  present  in  the  oil,  so  that  the 
requirement  of  a  low  pour  point  may  be  more  burdensome  to  some 
refiners  than  to  others ;  yet  when  a  pour  point  of  minus  40  degrees 
F.  is  necessary,  as  for  airplane  machine-guns,  it  must  be  had  re¬ 
gardless  of  expense.  On  the  other  hand,  to  specify  a  lower  pour 
point  than  required  may  needlessly  restrict  competition  and  in¬ 
crease  the  price  of  oil. 

Viscosity.  A  most  important  test  for  suitability  is  that  for 
viscosity,  although  it  is  not  a  quality  test  at  all  unless  viscosity  is 
determined  at  two  temperatures.  All  oils  decrease  in  viscosity 
with  an  increase  in  temperature,10  but  some  decrease  more  than 
others,  and  an  excessive  change  in  viscosity  is  undesirable.  The 
addition  of  fatty  oils  in  compounding  decreases  the  change  of 
viscosity  with  the  temperature. 

The  standard  temperatures  are  100,  130  and  210  degrees  F. 
Considering  viscosity  as  a  suitability  test,  the  viscosity  at  only 
one  of  these  temperatures  is  not  a  measure  of  quality.  Porpoise 
jaw  oil  may  be  excellent  for  watches  but  it  would  be  entirely 
unsuitable  as  an  airplane  motor  oil,  and,  conversely,  castor  oil 
is  a  good  oil  for  heavy  work  but  unsuitable  for  sewing  ma¬ 
chines.  For  any  given  machine  there  is  a  viscosity  of  minimum 
friction,  and  the  ratio  of  the  viscosity  of  the  oil  film  at  the  operat¬ 
ing  temperature  to  the  viscosity  of  minimum  friction,  may  be 
regarded  as  the  factor  of  safety.11  Wilson  suggests  that  a 
suitable  factor  of  safety  is  5,  and  shows  that  the  actual  factor 
of  safety  attained  in  practice  is  inconsistent. 
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The  viscosity  is  more  completely  under  control  of  the  refiner 
than  any  other  property.  Any  desired  viscosity  can  lie  obtained 
by  blending,  as  in  mixing  a  spindle  oil  with  cylinder  stock,  which 
has  however  the  disadvantage  that  the  cylinder  stock  is  not  as 
readily  filtered  as  an  oil  of  moderate  viscosity.  Cylinder  stock 
(so  called  because  it  is  the  basis  of  steam-engine  cylinder  oil)  is 
not  usually  made  from  naphthene-base  crudes,  which  however 
furnish  unblended  oils  of  higher  viscosity  than  do  the  paraffin- 
base  crudes. 

The  measurement  of  viscosity  with  accuracy  presents  numer¬ 
ous  difficulties.  It  is  known  that  after  prolonged  use,  viscosi¬ 
meters  tend  to  show  too  high  a  time  of  flow.  One  explanation 
which  is  offered  is  that  this  is  due  to  adsorbed  films  which  ac¬ 
cumulate  in  spite  of  the  usual  frequent  cleaning  of  the  outlet 
tube  with  gasoline.  If  this  is  the  case,  some  better  solvent  such 
as  benzol  should  be  used.  I  am  inclined  to  believe,  however,  that 
the  increased  time  of  flow  is  due  to  peening  over  the  sharp  corner 
at  the  upper  end  of  the  outlet  tube  by  continual  rubbing  with  the 
thermometer  bulb,  and  that  in  the  instruments  having  a  stain¬ 
less-steel  outlet  tube,  this  difficulty  will  not  be  experienced. 

Whatever  the  cause  of  change  in  time  of  flow,  absolute  vis¬ 
cosity  in  poises,  or  Saybolt  viscosity  corrected  to  that  obtained  by 
a  normal  instrument,  may  be  obtained  by  the  use  of  Table  II 
giving  Bureau  of  Standards  corrections  for  readings  of  Saybolt 
universal  viscosimeters  when  A  has  other  than  the  normal  value 
of  0.00216  in  the  equation 

viscosity  in  poises  1.80 

kinematic  viscosity  = - =  At - , 

density,  in  grams  per  cc.  t 

where  t  is  the  time  of  flow  in  seconds,  or  the  Saybolt  viscosity. 
The  value  of  1.80  is  determined  by  the  standard  dimensions.  The 
Bureau  of  Standards  is  prepared  to  issue  certificates  giving  the  A 
value,  or  to  determine  the  kinematic  viscosity  of  oils  which  may 
then  be  used  to  calibrate  viscosimeters. 

Viscosity  is  the  last  on  the  list  of  tests  in  common  use.  It 
will  be  seen  after  running  through  the  list  that  none  of  these 
tests  is  found  to  throw  much  light  upon  the  quality  of  the  oil. 
Even  the  test  for  viscosity  is  deprived  of  its  potential  value  bv 
the  custom  of  taking  observations  at  only  one  temperature. 


TABLE)  II.  CORRECTIONS  FOR  READINGS  OF  SAYBOLT  UNIVERSAL  VISCOSIMETER 
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*  Corrections  are  calculated  for  values  of  1c.  v.  (kinematic  viscosity)  or  for  the  normal  Say  bolt  viscosity,  but  if  the  table  is 
entered  with  values  of  t,  as  run,  the  error  will  be  less  than  one  second. 
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Other  tests  which  give  promise  of  indicating  quality  have 
been  less  frequently  used  and  are  consequently  less  thoroughly 
standardized.  They  are  forced  to  win  their  way  if  possible 
against  considerable  opposition  and  it  often  becomes  a  question 
whether  the  burden  of  proof  is  on  the  consumer  to  prove  that 
a  test  is  of  value,  or  upon  the  producer  to  prove  that  oils  which 
would  be  rejected  by  the  test  are  better  than,  or  at  least  as  good 
as,  those  accepted. 

Oiliness.  Another  most  important  property  which  influences 
suitability  is  oiliness,  which  causes  a  difference  in  friction  between 
two  lubricants  of  the  same  viscosity  at  the  temperature  of  the  oil 
film,  when  used  on  the  same  bearing  under  the  same  conditions  of 
speed  and  pressure.  Oiliness  has  no  effect  when  there  is  com¬ 
plete  film  lubrication,  so  that  at  first  sight  it  would  appear  to  be 
unimportant  except  with  gearing  and  heavy  work,  but  there  is 
incomplete  film  lubrication  with  all  machinery  on  starting,  un¬ 
less  some  special  device  is  provided  to  avoid  it,  and  there  is  al¬ 
ways  a  possibility  of  incomplete  film  lubrication  during  operation 
if  anything  goes  wrong. 

Oiliness  appears  to  be  due  to  adhesion,  adsorption  or  a  segre¬ 
gation  of  some  constituent  of  the  lubricant  at  the  boundaries, 
but  it  is  imperfectly  understood  and  can  not  be  definitely  define* 
Numerous  methods  have  been  proposed  for  measuring  it,  but 
it  is  still  too  early  to  predict  what  will  eventually  be  the  method 
adopted  for  routine  tests.12  The  difficulty  is  to  measure  friction 
without  roughening  the  rubbing  surfaces  and  thus  changing  the 
friction  on  account  of  the  change  in  surface.  Journal  friction 
machines  are  unsuitable  because  the  surfaces  can  not  be  polished 
without  changing  the  radius  of  curvature,  and  even  when  this 
difficulty  is  avoided  by  the  use  of  disks13  or  inclined  planes,  the 
amount  of  time  spent  in  polishing  is  excessive. 

There  is  no  longer  any  doubt,  however,  that  the  property 
of  oiliness  exists  and  may  be  measured  under  suitable  conditions 
of  low  speed  or  high  pressure.  Low  speeds  appear  to  be  pref¬ 
erable  as  less  liable  to  roughen  the  rubbing  surfaces,  and  Deeley 
has  shown  noteworthy  differences  in  oiliness  between  mineral  and 
fatty  oils.  The  superiority  of  fatty  oils  in  this  respect  has  long 
been  conceded,  and  what  is  of  more  interest  is  whether  there  is 
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any  material  difference  in  oiliness  of  mineral  oils  from  different 
crudes.  Various  investigators  are  at  work  and  it  is  to  be  expected 
that  data  will  soon  be  available  to  help  settle  this  question. 

Emulsion  Tests  and  Organic  Acidity.  There  is  considerable 
difference  of  opinion  in  regard  to  the  best  test  to  give  assurance 
that  an  oil  will  be  serviceable  for  long  periods  of  use  in  circulating 
systems  as  in  turbines  and  automobiles.  The  chief  requirement 
for  a  turbine  oil  is  that  it  must  not  emulsify  in  use,  or,  as  it 
used  to  be  expressed  in  specifications  not  many  years  ago,  the 
oil  must  separate  readily  from  water.  Now  this  specification 
is  of  no  value  because  vague  and  indefinite,  and  it  may  be  stated 
as  a  fundamental  principle  that  a  requirement  of  a  specification 
cannot  be  enforced  unless  expressed  as  a  numerical  value  which 
may  be  obtained  by  a  reproducible  method  of  test. 

There  are  two  general  classes  of  emulsion  tests.  In  the  first, 
the  oil  is  agitated  by  steam  and  the  apparatus  required  is  com¬ 
paratively  simple.14  It  also  has  the  advantage  (or  disadvantage) 
that  the  oil  is  kept  at  a  high  temperature  which  facilitates  the 
separation  of  oil  from  the  water.  In  the  other  class  of  tests, 
mechanical  agitation  is  employed,  which  permits  the  use  of  any 
temperature  and  any  emulsifying  liquid  desired.15 

It  is  generally  conceded  that  it  is  necessary  that  a  steam- 
turbine  oil  should  pass  an  emulsion  test.  The  difference  of 
opinion  arises  when  it  is  proposed  to  use  normal  caustic-soda 
solution  as  an  emulsifying  agent,  or  to  apply  any  emulsion  test 
to  automobile  oils.16 

There  is  some  justification  for  the  use  of  an  alkali  solution 

# 

in  a  suitability  test,  since  alkali  waters  occur  in  arid  regions  and 
steam  may  be  contaminated  from  boiler  compounds.  But  more 
important  is  the  question  whether  an  emulsion  test  with  caustic- 
soda  solution  is  of  value  as  a  durability  test.  Holde17  devotes  a 
page  to  tests  for  “degree  of  purification,”  and  gives  the  following 
test  which  is  similar  to,  but  less  accurately  defined  than,  the 
government  caustic  test  above  referred  to.  “5cc.  of  1.5  per  cent, 
sodium  hydroxide  are  shaken  with  10  cc.  of  oil  for  2-3  minutes 
at  80  degrees ;  the  mixture  is  kept  2-3  hours  at  70  degrees.  The 
formation  of  a  skin  of  soap  indicates  insufficient  purification. 
The  soap  is  formed  from  the  free  naphthenic  acids  which  are 
neutralized  and  separated  in  the  presence  of  the  dilute  alkali.” 
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The  temperatures  are  given  in  degrees  Centigrade. 

It  is  said  as  an  objection  to  an  emulsion  test  for  automobile 
oils,  that  the  oil  will  in  any  case  emulsify  after  use  for  a  short 
time,  that  it  does  not  come  into  contact  with  water,  and  that  even 
if  it  does  it  is  better  to  have  an  emulsion  formed  than  for  the 
water  to  freeze  and  stop  the  oil  pump ;  but  this  is  losing  sight  of 
the  fact  that  an  emulsion  test  for  automobile  oils  is  not  a  suit¬ 
ability  but  a  durability  test. 

In  United  States  Bureau  of  Standards  Technologic  Paper  80, 
previously  referred  to,  it  was  shown  that  an  emulsion  test  may 
be  regarded  as  a  sensitive  test  for  organic  acidity.  As  a  result 
of  further  work  it  may  now  be  added  that  oils  having  a  viscosity 
of  over  50  seconds,  Saybolt  universal  at  210  degrees  F.,  should 
have  the  demulsibility  tested  at  180  instead  of  130  degrees  F., 
since  none  of  the  heavier  oils  will  pass  a  good  emulsion  test  at 
the  lower  temperature.  It  has  also  been  found  that  oils  of  the 
same  organic  acidity  but  of  different  base  may  show  different 
demulsibilities,  or  rates  of  separation  from  water,  thus  appar¬ 
ently  indicating  that  the  organic  acids  present  in  the  different 
oils  are  not  identical. 

If  an  emulsion  test,  or  the  chemical  test  for  organic  acidity, 
is  used  as  a  durability  test  for  automobile  oils  it  is  necessary 
to  consider  the  evidence  .that  oils  of  high  organic  acidity  are  not 
durable  in  service  and  tend  to  form  sludge. 

It  is  not  certain  whether  sludge  should  be  regarded  as  an 
emulsion  or  as  an  oxidation  product,  since  the  conditions  are 
favorable  for  the  formation  of  both.  A  sludge  is  unlike  an 
emulsion  in  that  it  does  not  form  suddenly,  but  only  after  the  oil 
has  been  subjected  to  prolonged  use.  The  changes  which  are 
known  to  occur  are : 

1.  Accumulation  of  metallic  particles  which  act  as  catalysts 
to  aid  oxidation. 

2.  Accumulation  of  dust  which  may  be  an  aid  in  the  forma¬ 
tion  of  emulsions. 

3.  In  the  case  of  internal  combustion  engines,  the  accumu¬ 
lation  of  “carbon”  from  the  cylinders. 

4.  Oxidation  of  the  oil,  accompanied  by  an  increase  in 
acidity,  and  the  formation  of  oxidation  products  of  a 
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tarry  or  asphaltic  nature.18  Of  these  four  causes  of 
sludge  formation,  the  last  is  the  only  one  which  depends 
upon  the  lubricant. 

Since  oils  are  oxidized  when  exposed  to  heat,  there  is  al¬ 
ways  more  or  less  oxidation  during  distillation  in  refining,  al¬ 
though  steam  is  introduced  to  diminish  this  as  much  as  possible. 
The  more  chemically  unstable  the  oil  the  greater  will  be  the  oxida¬ 
tion  and  increase  in  acidity.  Acidity,  then,  is  an  indication  of 
chemical  instability,  and  oils  which  oxidize  and  develop  acidity  in 
refining  may  be  expected  to  oxidize  and  develop  acidity  in  service 
from  the  same  cause.  It  is  not  yet  certain  just  what  conditions 
are  necessary  to  cause  the  precipitation  of  oxidation  products 
and  other  material  in  the  form  of  sludge. 

If  in  refining,  the  acidity  of  the  oil  is  neutralized,  thus 
forming  soap,  the  soap  must  be  thoroughly  removed  by  washing 
or  it  will  act  as  a  catalyst  to  accelerate  oxidation ;  while,  if  the 
oxidation  products  are  not  removed,  they  themselves  will  act  as 
catalysts. 

It  is  sometimes  claimed  that  organic  acids  in  oils  are  present 
in  the  original  crudes  and  pass  through  the  refining  processes 
unchanged,  but  there  appear  to  be  no  published  data  on  the  acidity 
of  crude  oils  to  confirm  this,  and  there  is  no  indication  that  organic 
acids  occurring  in  crude  oils  will  be  any  less  active  as  catalysts 
than  those  formed  by  oxidation. 

Since  it  is  possible  to  neutralize  and  wash  out  oxidation 
products,  so  that  the  instability  of  the  oil  could  not  be  detected 
either  by  the  emulsion  or  the  acidity  test,  it  would  appear  desirable 
to  use  an  oxidation  test.  Such  a  test  has  been  developed  and  is 
known  as  the  Waters  carbonization  test  which  will  be  considered 
later. 

Carbon  Residue  Test.  What  the  automobilist  demands  of  an 
oil  is  “mileage”  and  freedom  from  carbon  deposits.  Mileage  is, 
to  a  large  extent,  determined  by  the  amount  of  dilution  of  the 
crank-case  oil  by  the  heavy  ends  of  the  gasoline,  and  is  thus  a 
fuel  rather  than  a  lubrication  problem.  Carbon  also  depends  to 
some  extent  upon  the  tightness  of  piston  rings  and  quality  of 
fuel,  since  a  lubricant  which  is  reduced  in  viscosity  by  dilution 
with  the  fuel  will  more  readily  find  its  way  into  the  cylinder. 
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But  to  the  extent  that  carbon  is  determined  by  quality  rather  than 
quantity  of  the  lubricant  that  reaches  the  cylinder,  a  suitable  test 
of  the  lubricant  should  indicate  the  amount  of  carbon  deposits 
to  be  expected. 

Analyses  of  the  so-called  carbon  deposits  show  that  they 
are  composed  to  a  considerable  extent  of  asphaltic  or  tarry  oxida¬ 
tion  products,  and  it  is  believed  that  what  real  carbon  there  is, 
insoluble  in  benzol,  is  due  to  the  cracking  of  the  fuel,  the  tem¬ 
perature  not  being  high  enough  at  the  cylinder  walls  to  crack  the 
lubricant  to  any  great  extent.  The  carbon  residue  test  is  dis¬ 
tinctly  a  cracking  test,  and,  if  the  above  analysis  of  the  situation 
is  correct,  the  carbon  residue  test  is  not  as  applicable  to  determine 
the  quality  of  an  automobile  oil  as  is  the  Waters  carbonization 
test. 

It  is  claimed  that  paraffin-base  oils  are  more  often  rejected 
by  the  carbon  residue  test  and  naphthene-base  oils  by  the  car¬ 
bonization  test,  but  this  is  a  question  of  specification  rather  than 
of  test  method  because  it  depends  upon  the  permissible  values 
adopted  as  well  as  upon  the  ability  of  oils  of  different  crudes  to 
resist  cracking  and  oxidation. 

Waters  Carbonisation  Test.  The  precipitation  test  gives 
the  amount  of  asphaltic  matter  insoluble  in  petroleum  ether  and 
is  used  for  steam-engine  cylinder  oils  and  car  oils.  Steam-turbine 
and  automobile  oils  would  all  show  a  zero  precipitation,  but  when 
they  are  heated  they  turn  dark  from  the  asphaltic  matter  developed 
by  oxidation,  and  in  the  Waters  carbonization  test  the  amount  of 
this  asphaltic  matter  is  determined. 

The  oils  are  heated  under  standard  conditions  for  a  given 
length  of  time  at  a  standard  temperature,  in  150-cc.  Erlenmeyer 
flasks,  selected  to  have  a  maximum  inside  diameter  of  65  mm. 
(2-9/16  inches).  In  the  case  of  used  oils  the  carbonization  is 
the  difference  in  asphaltic  matter  before  and  after  heating.  Other 
details  of  the  test  are  given  in  the  following  condensed  directions.19 

“Weigh  10  g  of  oil  in  each  of  four  flasks  and  place  these  in  the  air 
bath.  Then  turn  on  the  heating  current  and  raise  the  temperature  of  the 
bath  to  250°  C.  (482°  F.)  in  30  minutes,  as  nearly  as  possible.  Maintain 
the  bath  at  this  temperature  for  two  hours,  turn  off  the  current  and  allow 
the  flasks  to  cool  for  about  one  hour.  Remove  them,  add  50  cc.  of 
petroleum  ether  to  each,  cork  tightly  and  gently  swirl  the  contents  to  dis- 
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solve  the  thickened  oil.  Next  day  filter  off  the  precipitate  in  a  Gooch 
crucible  in  which  is  a  disk  of  filter  paper  covered  with  a  thin  layer  of 
asbestos.  Wash  with  petroleum  ether,  dry  at  100  degrees  C.  (212  degrees 
F.),  cool  in  a  dessicator,  weigh  and  calculate  the  percentage  of  asphaltic 
matter  on  the  basis  of  the  original  10  g  of  oil.  This  percentage  is  the 
carbonization  value.” 

This  test  has  been  used  in  specifications  for  several  years  by 
the  government  General  Supply  Committee  and  the  Post  Office 
Department.  Not  all  oils  will  pass  this  test,  which  is  as  would 
be  expected  since  it  determines  chemical  instability,  which  is  a 
difficult  thing  for  refiners  to  control.  Since,  however,  the  greater 
part  of  the  oxidation  is  due  to  the  lighter  fractions,  the  carboniza¬ 
tion  value  would  be  reduced  by  eliminating  the  more  volatile  con¬ 
stituents  of  the  oil — that  is,  by  making  narrower  cuts — in  order 
to  raise  the  boiling  point  of  the  lightest  constituent  for  a  given 
viscosity  of  the  oil  as  a  whole.  The  narrowness  of  cut  may  be 
determined  by  a  fractional  distillation,  but  a  high  vacuum  is  neces¬ 
sary  in  order  to  avoid  cracking,  and  on  this  account  the  test  is 
much  less  likely  to  come  into  general  use  than  the  fractional  dis¬ 
tillation  test  for  gasoline.  It  seems  preferable  to  use  the  Waters 
test  which  detects  a  lack  of  resistance  to  oxidation,  whatever  may 
be  the  cause.  There  is  considerable  evidence  that  freedom  from 
sulphur  compounds  is  possibly  an  even  more  potent  cause  of  low 
carbonization  than  narrowness  of  cuts.20  From  the  point  of  view 
of  conservation,  it  is  preferable  that  this  should  be  the  case,  since 
the  making  of  narrow  cuts  would  make  it  difficult  to  utilize  all 
fractions  of  the  crude  oil. 

As  shown  in  Bureau  of  Standards  Technologic  Paper  86 
there  is  no  correlation  between  carbonization  and  demulsibility,  so 
that  both  tests  are  needed.  Fig.  1  shows  carbonization  plotted 
against  viscosity,  the  curved  line  indicating  specifications  of  the 
General  Supply  Committee.  Apparently,  as  a  general  rule,  car¬ 
bonization  increases  as  the  viscosity  diminishes,  which  is  also 
shown  by  the  low  carbonization  values  usually  found  with  the 
very  viscous  airplane  motor  oils.21  On  the  other  hand,  the  carbon 
residue  values  increase  as  the  viscosity  increases.  Thus  the  re¬ 
finer  could  improve  the  carbon  residue  by  decreasing  the  amount 
of  cylinder  stock  used  in  blending,  but  carbonization  could  be 
reduced  only  by  decreasing  the  amount  of  volatile  material ;  that 
is,  by  making  a  narrower  cut. 
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It  has  been  claimed  that  the  Waters  test  merely  identified 
the  crude  and  hence  was  of  no  value  as  a  quality  test.  Obviously 
in  the  interpretation  of  tests,  conclusions  will  vary  according  to 
what  is  assumed  known  and  what  unknown.  A  certain  well 
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Fig.  1.  Carbon  and  Viscosity. 

known,  very  viscous  oil  shows  a  very  low  carbonization,  but 
high  carbon  residue,  and  it  has  been  said  by  the  advocates  of  this 
latter  test  that  the  Waters  test  was  of  no  value  because  it  showed 
a  favorable  result  for  this  oil  which  was  “just  full  of  carbon. 
On  the  other  hand,  there  are  those  who  believe  that  the  Waters 
test  and  the  oil  are  both  good,  and  the  carbon  residue  test  is 
meaningless. 

To  take  another  example,  a  certain  oil  of  2;>0  seconds 
viscosity,  Saybolt  universal  at  100  degrees  F.  was  submitted  to 
prove  that  a  dark  oil  did  not  necessarily  have  a  low  demulsibility, 
and  this  proved  to  be  the  case,  the  demulsibility  being  210.  W  hen 
the  demulsibility  test  was  run  exactly  the  same  as  usual,  except 
that  caustic-soda  solution  was  used  instead  of  distilled  water,  a 
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value  of  71  was  obtained  which  is  a  fair  result  for  this  severe 
test.  The  carbon  residue  was  0.22,  there  was  only  a  trace  of 
precipitation,  and  the  organic  acidity  was  0.06  expressed  as  milli¬ 
grams  of  KOH  required  to  neutralize  one  gram  of  oil.  On  the 
other  hand  there  was  a  carbonization  of  2.59  per  cent.  Now 
some  would  reject  this  oil  on  color  and  some  would  assume  it 
was  a  good  oil  because  the  carbon  residue  was  low,  but  my  own 
interpretation  of  the  tests  would  be  that  the  oil  should  be  re¬ 
garded  with  suspicion,  not  on  account  of  the  color  but  on  ac¬ 
count  of  the  unusually  high  carbonization  value. 

Conclusion.  To  recapitulate:  Of  the  tests  in  general  use, 
gravity  is  necessary  to  determine  absolute  viscosity ;  fire  and 
flash-points  are  inadequate  substitutes  for  an  evaporation  test 
or  fractional  distillation;  and  the  pour  point  and  viscosity  deter¬ 
mine  suitability  but  not  quality.  The  less  common  tests  which  give 
promise  of  determining  quality  are  demulsibility,  organic  acidity, 
carbon  residue,  and  carbonization.  Demulsibility  is  the  simplest 
test  to  make  and  is  more  sensitive  than  the  chemical  test  for 
organic  acidity.  The  Waters  test  is  preferred  to  the  carbon 
residue  test  because  it  is  believed  that  oils  are,  in  general,  exposed 
to  a  moderate  heat  which  tends  to  produce  oxidation,  rather  than 
to  a  heat  intense  and  prolonged  enough  to  produce  cracking. 

Leaving  out  crank-case  dilution,  which  does  not  depend  upon 
the  quality  of  the  oil,  the  greatest  cause  of  deterioration  of  an 
oil  in  use  is  oxidation,  and  the  Waters  test  appears  the  best  yet 
proposed  to  measure  the  resistance  of  an  oil  to  oxidation. 
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Mr.  J.  M.  Lessells:*  The  curve  on  the  board  assumes  a  vis¬ 
cous  flow  in  the  liquid.  Is  there  any  evidence  that  the  flow  in  the 
bearing  is  not  turbulent?  If  so,  it  gives  the  discrepancy  which 
he  has  pointed  out.  Furthermore,  the  viscosity  is  measured  at 
atmospheric  pressure.  Should  it  not  be  measured  at  higher  pres¬ 
sures,  since  these  are  met  in  practice? 

Dr.  Winslow  H.  Herschel:  The  clearance  is  so  narrow 
that  it  is  generally  conceded  that  there  is  no  possibility  of  turbulent 
flow.  The  thing  that  is  not  taken  into  account  in  the  theory  is 
the  leakage,  although  this  has  been  taken  into  account  for  flat  sur¬ 
faces.  The  effect  of  leakage  on  a  journal  bearing  has  never  been 
worked  out  by  the  mathematicians,  and  that  is  what  is  wrong  in 
the  theory ;  therefore  the  curves  in  practice  are  not  the  same  as 
the  theory  would  give  you.  As  to  the  change  of  pressure  it  takes 
a  very,  very  great  change  of  pressure  to  affect  viscosity.  Pro¬ 
fessor  Hersey  is  here  and  he  can  tell  you  more  about  that  than 
I  can.  You  do  not  ordinarily  get  high  enough  pressures  to 
change  the  viscosity  very  seriously. 

Mr.  M.  D.  Hersey :f  As  to  the  turbulence;  if  there  were 
any  turbulence^  it  would  be  worse  at  high  speeds,  and  this  break 
occurs  at  low  speed.  Then  the  effect  of  pressure  has  to  be  men¬ 
tioned  and,  as  Dr.  Herschel  says,  it  takes  a  very  high  pressure 
to  increase  the  viscosity  very  much.  But  I  should  think  you 
would  have  a  very  high  pressure  if  there  were  any  danger  of 
abrasion  in  the  bearing.  Will  the  gentleman  who  asked  the  ques¬ 
tion  make  a  suggestion  as  to  what  he  thinks  the  local  pressures 
might  be  in  such  a  case? 

Mr.  J.  M.  Lessells  :  I  might  say  the  pressure  could  be  in¬ 
finite  where  you  have  a  break-down  of  the  bearing  itself. 
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Mr.  M.  D.  Hersey  :  It  is  a  fact  that  pressure  increases  the 
•viscosities  of  such  oils  as  I  have  worked  with — I  have  tried  only 
five  or  six  oils — it  increases  them  several  fold  at  a  pressure  of 
600  or  700  atmospheres.  At  a  pressure  of  about  1200  atmospheres 
(17,000  pounds  per  square  inch)  most  of  the  oils,  at  a  temperature 
of  20  degrees  C.,  get  into  a  condition  which  might  be  called 
solid.  They  either  get  plastic  or  else  they  get  at  least  twenty 
times  as  viscous  as  at  atmospheric  pressure  and  possibly  quite 
solid.  To  heat  them  up  to  100  degrees  C.  under  pressure,  shows 
the  same  effect  but,  of  course,  not  so  bad ;  and  I  have  solidified  a 
number  of  oils  at  a  temperature  of  100  degrees  C.  by  squeezing 
them  to  about  3000  atmosperes.  I  don’t  suppose  there  is  very 
much  danger  of  this  effect  in  a  bearing  where  the  oil  is  a  great 
deal  hotter  than  1000  degrees  C.,  so  it  still  remains  a  speculation 
just  what  influence  these  figures  have. 

Mr.  J.  E.  Babb  :*  There  is  no  question  but  that  we  know 
very  little  about  oils.  I  do  not  think  any  one  knows  this  any 
better  than  the  man  who  attempts  to  make  a  grease  out  of  the 
different  oils,  or  extracts  the  oil  from  a  lubricating  grease  and 
determines  the  gravity  and  the  viscosity  and  then  tries  to  find  out 
what  two  oils  are  compounded  in  order  to  make  the  grease.  Some¬ 
times  he  may  try  two  or  three  times  and  succeed  and  other  times 
he  may  try  for  two  or  three  weeks  before  he  gets  the  proper  com¬ 
bination  of  oils  which  will  make  the  right  grease  or  duplicate  an 
outside  grease. 

There  is  no  question  that  viscosity  is  the  only  test  we  have 
to-day  that  is  of  any  value  as  a  guide  to  lubrication ;  but  what 
is  the  use  of  determining  viscosity  when  the  user  knows  little  or 
nothing  about  bearings  and  has  no  regard  for  the  pressures, 
speed,  and  variations  of  temperature,  and  the  producer  does  not 
always  have  a  knowledge  of  where  the  oil  is  to  be  applied.  I 
find  the  greatest  difficulty  in  lubrication  is  the  ignorance  of  the 
user,  rather  than  that  of  the  producer.  The  producers  can  not  be 
expected  to  know  every  bearing  type  that  is  in  use  in  the  universe. 
The  only  value  the  producer  attaches  to  viscosity,  in  my  experi- 
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ence,  is  this;  that  he  tries  an  oil  of  light  viscosity  and  if  that  does 
not  work  he  tries  something  else  and  after  two  or  three  attempts 
he  may  hit  it.  First  of  all,  oils  are  made  to  work,  and  when 
found  to  be  satisfactory  their  viscosity  is  determined.  At  least 
in  the  beginning  this  had  to  be  done  before  the  relation  of  vis¬ 
cosity  to  a  particular  type  of  bearing  or  machine  could  be  known. 
This  is  especially  true  in  the  use  of  lubricating  grease  in  rolling- 
mill  lubrication  and  unless  you  are  familiar  with  the  machinery 
and  have  what  is  known  as  the  grease  sense  it  is  difficult  to  select 
a  grease  that  will  lubricate  mill  bearings.  We  have  no  means 
whereby  we  can  employ  a  test  which  will  function  in  the  same 
way  viscosity  functions  with  oil. 

In  regard  to  overrefining  oils,  or  perhaps  overtreating  with 
acid  or  passing  through  fullers  too  many  times,  I  think  our  friend 
Dr.  Acheson  made  the  statement  that  -by  overrefining  we  take 
out  the  colloid  and  depreciate  the  lubricating  value  of  the  oil. 
Perhaps  it  takes  out  too  much  organic  acidity,  which  is  something 
we  have  yet  to  define.  I  have  for  some  time  endeavored  to  find 
out  more  about  so  called  organic  acidity  and  we  seem  to  be  unable 
even  to  measure  it — at  least  I  know  very  little  about  it. 

We  have  the  case  of  oxidation  of  oils,  not  in  the  cylinder  but 
in  the  container  at  normal  temperatures  when  oils  of  high  viscosity 
and  gravity  are  compounded  to  form  a  grease  with  a  calcium  soap 
made  from  tallow,  this  grease  when  kept  for  a  few  months  in  a 
closed  container  develops  a  very  viscous  film  on  the  top.  What 
causes  this  I  do  not  know.  It  may  be  organic  acidity ;  it  may  be 
that  the  iron  in  the  container  acts  as  a  catalyzer  and  accelerates 
the  oxidation.  I  am  sure  the  soap  has  nothing  to  do  with  it.  As 
not  all  oils  behave  in  this  way  it  may  be  interesting  to  expose  the 
above  oils  in  thin  film  on  metal  plates  to  the  air  for  some  time 
and  look  for  oxidation  effects,  or  we  may  blow  air  through  the 
oil  at  normal  temperatures  in  contact  with  iron  which  may  give 
quicker  results.  We  expect  to  make  the  above  experiments. 

Speaking  of  the  durability  of  oil,  the  question  arises  as  to 
where  oil  disappears  to  when  we  apply  it  to  a  bearing.  If  you 
have  too  light  an  oil  for  a  heavy  hearing  we  know  we  have  loss 
through  leakage.  That  can  be  remedied.  Furthermore,  the  dur¬ 
ability  of  an  oil  is  its  ability  to  stay  put  and  possess  a  low  leakage 
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loss.  This  seems  to  be  a  function  of  viscosity,  but  you  attach  a 
different  significance  to  the  term  durability.  You  can  make  an 
oil  disappear  only  through  leakage  at  normal  temperatures.  In 
fact,  it  is  simply  a  matter  of  leakage.  You  will  have  to  define 
that  durability  test  a  little  more  clearly. 

I  would  like  to  have  Dr.  Herschel  give  us  his  opinion  about 
the  problem  of  oxidation. 

Dr.  Winslow  H.  Herschel:  Dr.  Waters  has  shown  very 
clearly  that  various  metals  have  a  powerful  catalyzing  action  in 
hastening  oxidation  of  oils. 

I  cannot  accept  Mr.  Babb’s  definition  of  durability.  It  has 
nothing  to  do  with  disappearing.  By  durability,  I  mean  the  de¬ 
terioration  of  the  oil,  mainly  by  oxidation.  On  the  other  hand,  the 
question  of  leakage  is  a  mere  question  of  viscosity.  It  is  a  question 
of  the  suitability  of  the  oil  for  the  particular  bearing.  The  ques¬ 
tion  of  durability  is  a  question  of  the  chemical  stability  of  the  oil 
to  resist  disintegration  or  any  chemical  change  of  that  nature,  and 
it  has  nothing  to  do  with  its  remaining  on  the  bearing. 

Mr.  J.  E.  Babb:  One  more  question  on  durability.  If  we 
can  have  a  perfectly  tight  bearing,  if  we  can  prohibit  all  loss 
through  leakage,  if  we  can  use  a  submerged  type  of  bearing  for 
any  ordinary  use  which  will  not  raise  the  temperature  abnormally, 
how  long  will  a  low  viscosity  oil  last  and  how  long  a  high  vis¬ 
cosity  oil? 

Dr.  Winslow  H.  Herschel:  The  question  of  how  long  the 
oil  will  last  if  it  does  not  escape  by  leaking,  depends  on  the  use 
to  which  it  is  put.  Take  the  two  most  common  classes — steam- 
turbine  and  automobile  oils.  In  the  turbine  you  expect  that  oil 
to  last  a  long  time.  I  know  of  an  oil  that  lasted  five  years  without 
draining  the  reservoir.  That  is  perhaps  long  enough.  In  an 
automobile  the  conditions  of  use  are  more  severe,  but  on  the  other 
hand  you  do  not  expect  it  to  last  so  long,  so  that  one  case  is  not 
so  very  different  from  the  other. 

Now  it  is  known  that  almost  any  use  of  an  oil  will  increase 
its  acidity.  Ordinarily  it  will  increase  in  viscosity.  In  a  steam 
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turbine  where  there  is  no  crank-case  dilution,  there  is  an  increase 
in  viscosity  showing  that  oxidation  is  taking  place.  The  ulti¬ 
mate  result,  if  the  oxidation  progresses  far  enough,  is  the  forma¬ 
tion  of  an  oxidized  product  of  an  asphaltic  nature.  Asphalt  is 
nothing  but  an  oxidized  oil.  But  in  reality  it  may  proceed  further 
than  this.  If  the  oxidation  continues  further  you  get  a  material 
which  is  very  difficult  to  distinguish  from  carbon  because  it  is 
insoluble  in  practically  everything,  while  asphalt,  though  insoluble 
in  gasoline  is  soluble  in  benzol. 

Mr.  J.  E.  Babb:  If  we  use  a  submerged  type  or  closed  type 
of  bearing  and  there  is  no  volatilization,  there  can  be  no  loss ;  so 
we  cannot  define  the  durability  of  an  oil  without  taking  into  con¬ 
sideration  the  leakage  losses.  It  is  true  that  oils  undergo  oxida¬ 
tion  on  coming  in  contact  with  various  metals,  and  the  refiner, 
against  whom  I  hold  some  brief,  should  know  more  about  this. 
As  I  happen  to  be  manufacturing  grease  I  have  more  trouble  in 
compounding  oil  to  make  grease  than  the  man  who  runs  an  auto¬ 
mobile. 

Dr.  Winslow  H.  Herschel:  Without  saying  that  there 
is  any  such  thing  as  an  oil  that  will  llast  indefinitely,  1  do  say  that 
there  is  a  difference  between  oils — there  is  a  better  and  a  worse, 
and  to  that  extent  the  oil  which  is  worse  is  responsible.  Of 
course,  if  you  supply  a  catalyzer,  you  are  going  to  have  a  more 
rapid  deterioration  of  the  oil  when  it  is  present  than  when  it  is 
not  present;  but  if  used  under  identical  conditions  one  oil  will 
gum  faster  than  another.  The  gumming  to  which  Mr.  Babb  refers 
is  what  I  call  lack  of  durability.  Now  I  have  considerable  sym¬ 
pathy  with  Mr.  Babb  because  he  says  he  has  troubles  of  his  own, 
and  I  have  an  idea  that  a  lot  of  his  troubles  are  due  to  the  fact 
that  he  tries  to  identify  an  oil  by  such  tests  as  gravity  and  then 
he  wonders  why  an  oil  with  a  given  gravity  will  make  a  good 
grease  and  another  oil  with  identically  the  same  gravity  somehow 
seems  to  have  entirely  different  properties  and  will  not  make  a 
good  grease.  That  is  exactly  what  I  should  expect. 

Mr.  Max  Heciit:*  The  user  of  lubricants  and  the  oil  tech¬ 
nologist  have,  in  recent  years,  emphasized  the  need  of  a  greater 

♦Chemist,  Duquesne  Light  Co.,  Pittsburgh. 
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knowledge  of  lubricating  oils,  and  it  is  gratifying  that  common 
ground  is  being  reached  on  this  subject.  A  greater  use  of  oil  tests 
is  being  made  to-day  by  both  producer  and  consumer ;  and,  in 
addition,  service  tests  supplement  the  laboratory  tests  so  that  the 
operator  is  assured  that  the  lubricant  answers  his  requirements. 

Speaking  principally  concerning  the  modern  developments  in 
steam-turbine  design  and  practice,  such  machines  operate  at  higher 
steam  temperatures  and  pressures,  which  in  addition  to  concentra¬ 
tion  of  large  elements  in  single  units  complicates  the  problem  of 
lubrication  in  that  there  is  found  heavier  bearing  pressure.  Lu¬ 
brication  is  of  the  forced-feed  type,  the  oil  being  in  service  con¬ 
tinuously  with  only  such  changes  as  can  be  accomplished  by  clari¬ 
fication,  either  of  a  whole  or  of  a  part  of  the  volume.  Successful 
operation  of  equipment  of  this  type  makes  the  lubricant  an  item 
of  importance. 

For  a  period  of  over  a  year,  careful  supervision  has  been  ex¬ 
ercised  on  our  turbine  oil  deliveries.  The  tests  as  outlined  in  the 
paper  presented  this  evening  have  been  made  on  such  deliveries 
excepting  that  the  distillation  and  Waters  tests  have  been  omitted. 
While  no  specifications  are  used  (prior  service  of  the  oil  indicated 
a  satisfactory  lubricant)  it  has  been  noted  that  a  remarkably 
close  check  on  the  quality  of  separate  deliveries  has  been  main¬ 
tained  by  the  producer. 

Values  as  noted  below  have  been  consistently  found : 

j 

Demulsibility,  1200  cc.  per  hour. 

Neutralization  value,  0.02  milligram  of  KOH  per  gram 

of  oil. 

Viscosity  at  100  degrees  F.,  145  seconds  (Saybolt). 

We  have  observed  that  in  some  of  our  turbines  changes  oc¬ 
cur  when  the  oil  is  placed  in  service.  Within  a  few  hours,  there 
are  found  values  for  demulsibility  ranging  from  200  to  300  cc. 
per  hour ;  neutralization  values  within  a  few  days  requiring  0.10 
milligram  of  KOH  to  neutralize  one  gram  of  oil,  and  slowly 
rising  values  for  viscosity.  When  the  oil  carries  approximately 
0.5  of  water  the  rise  in  the  neutralization  value  is  somewhat  rapid. 
However,  we  do  not  find  a  value  lower  than  100  cc.  for  demulsi¬ 
bility  with  an  oil  the  neutralization  value  of  which  is  approxi¬ 
mately  1.5  milligram  of  KOH. 
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Some  oils  in  service  at  least  10  years,  “sweetened”  periodic¬ 
ally,  while  they  showed  a  neutralization  value  of  0.60  milligram  of 
KOH,  and  also  showed  a  demulsibility  of  100  cc.  All  of  the  oils 
referred  to  are  Pennsylvania  crude,  refined  without  acid  treat¬ 
ment. 

Oil  technologists  indicate  that  an  oil  may  sludge  either  due 
to  emulsion  or-  oxidation  produced  by  metallic  particles  (acting 
as  catalysts),  dust,  water,  heat,  air,  and  electrolytic  action. 

It  may  be  stated  that  any  or  all  of  the  above  factors  may  be 
present  in  a  lubricating  system. 

What  then,  is  the  danger  point,  to  warn  the  operator  when 
to  reject  an  oil  from  the  lubrication  system?  He  cannot  afford 
to  wait  until  sludge  accumulates  restricting  oil  flow,  nor  can  he 
afford  to  have  seized  bearings. 

Can  the  oil  technologist  tell  us  a  readily  usable  test  showing 
when  to  reject  an  oil  in  service?  Obviously,  from  our  observa¬ 
tions  the  demulsibility  value  does  not  indicate  the  danger  point. 
Is  the  neutralization  value  an  index?  If  so,  what  is  the  maximum 
value  permissible?  What  is  known  of  the  mechanism  of  electro¬ 
lytic  action  on  a  lubricating  oil  ? 

Mr.  C.  J.  Rodman  :*  I  would  like  to  ask  Dr.  Herschel  if 
there  is  any  general  relation  between  the  lubricating  values  of  an 
oil  and  the  degree  of  saturation  of  an  oil.  Much  importance  has 
been  ascribed  to  the  value  of  small  additions  of  free  fatty  acids 
and  especially  to  the  oils  of  high  viscosity  containing  quite  appre¬ 
ciable  amounts  of  unsaturated  constituents. 

I  would  also  like  to  ask  what  durability  test  Dr.  Herschel 
thinks  is  the  best  one  for  most  nearly  meeting  service  durability. 
I  have  reference,  of  course,  to  chemical  durability  tests.  We  have 
so  many  tests  which  in  a  sense  measure  the  probability  of  oxida¬ 
tion  of  an  oil  to  make  a  sludge  of  some  kind.  It  would  be  inter¬ 
esting  to  know  if  only  the  unsaturated  constituents  of  an  oil  form 
sludge.  Such  tests  as  the  Babcock  absorption,  Michie  air  oxida¬ 
tion  at  elevated  temperatures,  the  “Formolit”  condensation,  the 
halogen  substitution  methods  and  many  others  have  been  tried  in 

♦Chemist,  Research  Laboratory,  Westinghouse  Electric  &  Mfg.  Co., 
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our  laboratories  and  I  am  at  a  loss  to  know  just  what  value  to 
attribute  to  any  of  these  tests. 

Dr.  Winslow  H.  Herschel:  Wells  and  Southcombe,  about 
1920,  brought  out  the  idea  that  you  could  increase  oiliness  of  a 
lubricant  by  adding  small  percentages  of  fatty  acids.  That  idea 
has  been  seized  on  with  avidity  by  the  oil  refiner,  as  a  probable 
reason  why  it  would  be  beneficial  not  to  overrefine  the  oils  but  to 
leave  in  them  a  small  proportion  of  organic  acidity,  on  the  suppo¬ 
sition  that  the  organic  acids  would  have  the  same  effect  in  reduc¬ 
ing  the  coefficient  of  friction  as  produced  by  the  fatty  acids  which 
were  added  by  Wells  and  Southcombe.  Now  that  has  not  been  en¬ 
tirely  demonstrated,  as  yet.  It  may  be  so.  If  it  is  so,  we  have  a 
case  where  we  have  to  compromise  between  too  great  an  amount 
of  unsaturated  compounds  which  will  cause  gumming,  and  too 
small  an  amount  of  unsaturated  compounds  which  will  too  greatly 
decrease  the  oiliness  or  increase  the  coefficient  of  friction. 

Dunstan  and  Thole  in  England  say  that  it  is  up  to  the  refiner 
to  remove  the  more  unstable  of  the  unsaturated  compounds  be¬ 
cause  they  cause  gumming,  while  retaining  in  the  oil  the  more 
stable  of  the  unsaturated  compounds  on  account  of  their  beneficial 
effect  in  reducing  the  coefficient  of  friction.  I  see  Dr.  Faragher 
is  here,  and  I  know  he  has  been  working  along  these  lines.  I  do 
not  know  just  how  much  he  will  care  to  divulge  of  the  results 
of  his  investigation  but  I  would  like  to  ask  him  whether  it  is 
feasible  for  refiners  to  distinguish  between  the  more  stable  and 
the  less  stable  of  the  unsaturated  compounds  and  follow  the  ad¬ 
vice  of  Dunstan  and  Thole. 

Dr.  W.  F.  Faragher:*  It  is  impossible  to  say  what  classes 
of  compounds  are  so  easily  oxidized  under  the  conditions  of  serv¬ 
ice  met  by  turbine  oils  and  by  engine  oils  used  in  continuous  oiling 
systems,  that  certain  lots  of  lubricants  of  these  classes  give  trouble 
within  a  relatively  short  time.  Our  knowledge  of  the  chemistry 
of  the  substances  present  in  the  higher-boiling  fractions  of  petro¬ 
leum  is  so  incomplete  that  it  is  impossible  to  state  in  the  case  of 
the  products  other  than  gasoline  and  burning  oil  from  most  crude 
oils,  even  the  series  of  hydrocarbons  which  are  present.  Very 
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little  is  known,  also,  about  the  compounds  of  sulphur,  oxygen,  and 
nitrogen  existing  in  these  higher-boiling  fractions.  This  lack  of 
accurate,  detailed  chemical  information  about  the  constituents  of 
lubricating  oils  makes  it  necessary  to  attack  many  of  the  problems 
of  their  preparation  and  use  by  wholly  empirical  methods.  Prac¬ 
tical  oil  men  have  been  loath  to  make  the  large  expenditures  which 
would  be  required  to  procure  this  chemical  knowledge,  since  they 
have  not  foreseen  the  financial  benefits  which  they  would  derive 
from  it.  Certainly  all  petroleum  chemists  are  convinced  that  the 
expenditure  would  be  a  wise  one.  It  is  to  be  hoped  that  the  co¬ 
operation  of  our  government  and  educational  labratories  can  be  en¬ 
listed  in  a  program  of  research  on  these  fundamental  chemical 
problems  of  the  petroleum  industry,  and  that  practical  oil  men 
will  support  the  work  co-operatively. 

Various  statements  have  been  made  and  repeated  in  the 
literature,  concerning  the  substances  which  cause  sludging  and 
emulsification  in  turbine  oils.  Certain  (unnamed)  unsaturated 
hydrocarbons  and  sulphur  compounds  have  been  said  to  cause 
these  troubles  by  undergoing  oxidation.  It  is  altogether  probable 
that  oxidation  is  the  fundamental  process  involved,  as  Dr.  Her- 
schel  has  said.  I  know  of  no  data,  however,  which  give  real  infor¬ 
mation  about  the  original  substances  or  the  products  of  the  oxida¬ 
tion.  I  cannot,  therefore,  answer  Dr.  Herschel’s  question  re¬ 
garding  the  identity  of  the  substances  which  cause  oils  to  behave 
differently  under  the  same  conditions  of  service.  We  all  know, 
of  course,  that  the  differences  exist,  and  all  hope  that  we  may 
soon  have  reliable  durability  tests  for  predicting  the  behavior  of 
a  lubricant  under  service  conditions. 

I  agree  in  the  main  part  with  Dr.  Herschel’s  statement,  that 
we  need  a  number  of  durability  tests,  but  I  disagree  with  him 
when  he  says  that  we  should  at  the  present  time  apply  those  which 
he  has  described.  Our  knowledge  of  the  relationship  between  the 
changes  effected  in  the  oils  by  the  conditions  of  test  and  those 
effected  in  the  same  oils  by  the  conditions  of  service,  is  too  frag¬ 
mentary  now  to  enable  us  to  apply  the  tests  intelligently.  The 
tests,  as  tests,  may  be  satisfactory,  but  even  this  opinion  must 
await  the  establishment  of  the  relationships  mentioned  above  be¬ 
fore  it  can  be  accepted  finally.  The  tests,  as  tests,  are  of  little 
utility;  the  important  thing  is  a  decision  on  the  limiting  values  of 
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the  factors  which  ithey  measure,  which  should  approve  or  condemn 
a  given  oil.  We  know  too  little  now  to  attempt  to  apply  most 
of  these  durability  tests  with  exacting  limiting  values. 

Wells  and  South-combe  have  never  said,  so  far  as  I  know, 
that  the  acids  which  are  developed  in  lubricating  oils  as  the  result 
of  oxidation  processes,  are  beneficial.  In  their  patents  and  pub¬ 
lished  papers,  they  specify  the  use  of  fatty  acids,  such  as  those 
prepared  from  rape,  olive,  or  cocoanut  oil.  No  other  investigators 
have  reported  favorably  or  unfavorably  on  these  petroleum  acids, 
in  so  far  as  their  function  as  lubricants  is  concerned.  Tests 
which  we  have  made  at  the  Mellon  Institute  of  Industrial  Research 
have  shown  that  the  organic  acids  present  in  samples  of  commer¬ 
cial  lubricating  oils  (from  California  crude  oil)  used  by  us,  do 
not  lower  the  coefficient  of  friction  as  do  the  fatty  acids  of  high 
molecular  weight.  In  making  these  tests,  a  Kingsbury  oil  tester 
was  employed.  Low  speed  and  high  bearing  pressures  were  used 
in  order  that  the  bearing  should  operate  without  complete  film 
lubrication. 

Dr.  Winslow  H.  Herschel  :  I  think  there  is  one  point 
there  that  should  be  pointed  out  in  government  specifications — 
the  value  of  300  demulsibility  in  new  oil.  I  did  not  understand 
Mr.  Hecht  to  say  that  he  would  accept  a  new  oil  with  a  demulsi¬ 
bility  of  100 — the  100  was  after  use.  But  we  were  not  talking 
of  specifications  to-night,  but  of  methods  of  testing.  As  to  what 
values  should  be  put  on  these  different  methods  of  testing  to  get 
a  passing  grade,  that  is  another  matter. 

Mr.  Max  Hecht  :  I  agree  with  Dr.  Herschel  in  the  discus¬ 
sion  about  tests,  but  even  if  the  material  is  bought  on  specifica¬ 
tions,  can  we  then  tell  that  the  specification  is  met?  From  an  oper¬ 
ating  standpoint  it  is  absolutely  essential  that  there  be  some  mea¬ 
sure  of  serviceability  readily  available  to  indicate  probable  failure 
of  the  oil. 

Dr.  Winslow  H.  Herschel:  I  am  surprised  at  the  test 
which  showed  that  when  the  demulsibility  got  down  to  100 
it  did  not  go  lower.  Much  lower  values  for  demulsibilities  of 
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used  turbine  oils  are  reported  in  Technologic  paper  8(i  of  the 
Bureau  of  Standards.  The  demulsibility  test  is  regarded  as  a  very 
sensitive  method  of  measuring  organic  acidity  when  it  is  present 
in  such  small  amounts  that  it  can  not  he  measured  by  chemical 
means.  I  notice  Mr.  Hedht  measured  it  down  to  0.02.  Most 
chemists  would  throw  up  their  hands  if  you  asked  them  to  meas¬ 
ure  organic  acidity  to  such  a  degree  of  accuracy.  They  would  say 
it  was  a  mere  trace  or  could  no-t  be  detected. 

Mr.  Max  Hecht:  We  consider  0.10  the  checking  limit  on 
neutralization  value.  However,  we  have  been  able  to  check  with¬ 
in  0.01  consistently  in  our  own  laboratory.  We  are,  of  course, 
dealing  with  20  grams  of  oil  instead  of  10. 

Dr.  Winslow  H.  Hersciiel:  If  the  demulsibility  would 
enable  you  to  select  a  new  oil,  and  even  if  it  does  stop  going  down 
when  it  reaches  100 — which  I  should  like  to  see  confirmed,  as  it 
is  not  in  accord  with  my  experience  in  the  use  of  turbine  oils — 
by  the  time  the  demulsibility  has  got  down  to  100  the  organic 
acidity  has  gotten  high  enough  so  that  anybody  can  measure  it. 
and  the  problem  for  an  operating  engineer  as  I  see  it  is  to  set  a 
value  of  organic  acidity,  carbon  residuum,  or  carbonization  at 
which  the  oil  should  be  rejected  as  being  unfit  for  further  use. 

Mr.  F.  K.  Howell:*  As  a  matter  of  general  interest,  1 
would  like  to  ask  how,  from  your  experience,  centrifugal  separa¬ 
tion,  as  against  ordinary  filtration,  affects  the  durability  of  a 
good  average  turbine  oil. 

Mr.  J.  E.  Babb:  I  would  like  to  say  a  word  al>out  organic 
acidity.  It  is  very  difficult  to  make  the  determination  as  described 
by  Mr.  Hecht.  If  the  determination  can  be  made  at  all  it  can 
best  be  done  by  adding  an  excess  of  alkali  to  the  oil,  separating 
the  oil  (and  soap  if  any),  and  determining  the  excess  of  alkali 
over  that  which  has  combined  with  any  organic  acids  present  in 
the  oil. 


♦Superintendent,  Compressing  Stations,  Philadelphia  Co.,  Pittsburgh. 
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Dr.  Winslow  H.  Herschel:  That  is  a  little  different  inter¬ 
pretation  of  the  word  durability.  By  durability  I  was  referring 
to  the  inherent  properties  of  the  oil.  This  is  a  mere  question  of 
how  long  the  oil  would  last  in  use  when  kept  in  good  condition 
by  different  continuous  processes  of  reclaiming.  I  have  not  had 
sufficient  experience  with  different  methods  of  continuous  reclama¬ 
tion  to  answer  that  question.  It  is  a  rather  broad  question,  as  to 
whether  the  centrifugal  method  of  removing  sludge  would  make 
the  oil  last  longer. 

Mr.  Max  Hecht  :  I  should  like  to  refer  you  to  the  1922 
Proceedings  of  the  National  Electric  Light  Association,  Report 
of  Prime  Movers  Committee,  which  has  gone  into  that  subject 
somewhat  extensively. 

Mr.  C.  M.  White:*  I  should  like  to  ask  a  question  that 
does  not  bear  directly  on  tests,  but  would  be  of  great  interest 
to  myself  and  others  of  the  operating  men  present.  Has  the 
speaker  prepared  a  chart  or  figures  showing  the  relation  of 
viscosity  to  bearing  pressure  or  what  variation  between  viscosities 
at  different  temperatures  should  be  required  for  various  bearing 
pressures  ? 

Dr.  Winslow  H.  Herscel:  The  curve  which  I  drew  on  the 
blackboard  is  very  useful.  That  point  of  minimum  friction  is  a 
point  that  can  be  figured  out  mathematically.  I  gave  the  equation 
for  it  in  the  Journal  of  the  Society  of  Automotive  Engineers  last 
January.  It  was  pointed  out  by  Dr.  Wilson  that  what  we  need 
for  operating  conditions  is  a  sufficiently  high  factor  of  safety 

above  that  point  of  minimum  friction.  Actually  you  can  some- 
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times  run  down  to  that,  but  sometimes  you  do  not  get  as  far  as 
that.  Bearing  pressure,  viscosity,  and  speed  all  come  into  cal¬ 
culation  of  that  point. 

Mr.  C.  M.  White:  You  have  not  worked  out  an  equation 
on  bearing  pressure? 


*  Superintendent,  The  Monongahela  Connecting  Railroad  Co.,  Pitts 
burgh. 
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Dr.  Winslow  H.  IIerschel:  You  can  not  pin  it  entirely 
on  that  factor.  The  higher  the  speed  the  better  the  bearing  oil  is 
drawn  into  the  place  of  nearest  clearence  between  the  journal 
and  the  bearing,  and,  therefore,  the  higher  pressure  it  will  stand. 
You  cannot  put  your  mind  entirely  on  one  factor  and  say  that 
the  pressure  will  determine  what  the  viscosity  of  the  oil  should 
be,  nor  can  you  say  that  the  speed  alone  will  determine  the  vis¬ 
cosity  that  should  be  used  for  a  given  pressure. 

Mr.  C.  M.  White:  One  other  question.  Is  it  unde; stood 
that  the  acidity  in  the  oils  is  lower  in  a  Pennsylvania  crude  base 
than  in  an  acid4reated  asphalt  base?  From  an  operating  stand¬ 
point  it  is  much  better  to  use  Pennsylvania  crude  than  an  asphalt 
base  which  has  been  acid  treated. 

Dr.  Winslow  H.  Hersciiel:  I  think  I  made  the  statement, 
earlier  in  the  evening,  that  government  specifications  do  not 
discriminate  against  either  crude  because  we  are  not  convinced 
that  one  has  shown  a  paramount  advantage  over  the  other.  It  is 
not  necessary  to  know  the  base  of  an  oil  in  order  to  test  acidity. 
When  we  have  tried  to  get  oil  of  a  definite  crude,  the  refiners 
have  told  us  that  they  themselves  did  not  know  what  base  it  was 
as  the  oil  got  mixed  in  the  pipe-line.  I  do  not  believe  the  base 
of  an  oil  can  be  identified  with  any  great  degree  of  certainty.  It 
might  have  been,  years  ago,  when  the  oil  was  either  a  naphtha 
base  or  a  pure  paraffin  base.  Now  we  have  a  blend  of  naphtha 
and  paraffin  oil  and  I  do  not  believe  any  one  has  published  any 
method  for  determining  5  or  10  per  cent,  of  one  oil  mixed  with 
oil  of  another  base ;  so  I  do  not  see  that  you  are  going  to  get 
very  far  by  assuming  that  one  base  is  better  than  another.  You 
must  have  tests  which  you  can  apply  without  knowing  what  base 
the  oil  is. 

Mr.  M.  D.  Hersey  :  I  think  I  know  the  answer  to  the  ques¬ 
tion  about  bearing  pressures.  If  you  double  the  bearing  pressure 
you  should  use  twice  as  much  viscosity,  provided  you  have  a 
bearing  of  the  same  type.  This  conclusion  is  in  agreement  with 
Dr.  Herschel’s  diagram.  If  you  have  a  bearing  that  is  satis¬ 
factory  and  the  only  change  you  make  is  to  increase  the  bearing 
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pressure,  then  you  should  increase  the  viscosity  in  proportion — 
this  means  the  true  viscosity  in  the  film. 

Dr.  W.  F.  Faragher:  Leakage  of  oil  from  the  bearing, 
and  other  factors  at  variance  with  the  assumptions  employed  in 
establishing  the  relationships  shown  in  Dr.  Herschel’s  curve, 
would  make  impossible  in  this  case  the  use  of  Dr.  Herschel’s 
line  of  reasoning. 

Mr.  M.  D.  Hersey:  Why  do  you  need  to  assume  that  there 
is  no  leakage  and  that  the  figures,  therefore,  are  not  reliable?  You 
can  arrive  at  substantially  similar  results  by  another  method 
(the  dimensional  theory),  which  does  not  assume  that  the  leak¬ 
age  is  non-existent. 

Dr.  Winslow  H.  Herschel:  I  was  referring  not  to  the 
fact  that  the  coefficient  of  friction  is  a  function  of  this  particular 
ratio  to  which  Professor  Hersey  is  referring,  but  to  the  exact 
shape  of  the  curve.  I  said  the  shape  of  the  curve  is  not  exactly 
the  same  as  they  figure  out,  presumably  on  account  of  these  end 
leakages.  But,  as  Professor  Hersey  says,  the  mere  fact  that  the 
coefficient  of  friction  is  a  function  of  this  ratio,  he  has  figured 
out  quite  independently. 

Mr.  L.  W.  Heller:*  Mr.  White  asks  how  the  friction  due 
to  pressure  is  affected  by  temperature. 

For  a  period  of  six  months  we  have  conducted  a  test  on  a 
15, 000-kilowatt  turbo-generator,  to  note  the  effect  of  friction  bear¬ 
ing  loss  due  to  temperature.  The  temperature  of  the  oil  was 
varied  by  reducing  the  amount  of  cooling  water  through  the  oil 
coolers.  The  test,  of  course,  is  relative,  making  use  of  the  ther¬ 
mometer  set  in  the  various  oil  lines.  It  was  found  impracticable 
to  set  up  absolute  test  conditions,  which  would  require  an  effort 
to  get  the  temperature  of  the  oil  film.  The  results  of  the  test 
indicate  that  a  wide  variation  in  friction  bearing  loss  can  be  at¬ 
tained  by  the  control  of  the  oil  temperature. 


♦General  Superintendent  of  Power  Stations,  Duquesne  Light  Co  , 
Pittsburgh. 
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From  an  operating  standpoint,  the  vital  thing  is  assurance 
that  the  oil  will  not  function  improperly.  It  is,  therefore,  evident 
that  viscosity  and  friction  bearing  loss  are  of  less  importanee  than 
durability  of  the  oil. 

As  stated  this  evening,  organic  acidity  is  one  factor  on  which 
considerable  emphasis  should  be  placed,  as  it  is  an  index  of  the 
probable  deterioration  of  the  oil. 

Operation  of  large  turbo-generators,  in  recent  times,  neces¬ 
sitates  continuous  service  from  the  unit  for  from  six  to  eight 
weeks.  This  period  is  extended  at  times  to  even  a  year  or  two. 
No  time  can  be  spared  to  take  the  machine  out  of  service  and 
cleanse  the  oil. 

The  oil  producers  and  the  oil  technologist  must  bend  every 
effort,  therefore,  to  developing  a  lubricant  to  meet  the  recpiire- 
ments  of  continuous  service  without  deterioration. 

Dr.  Winslow  H.  Herschel:  It  should  be  remembered  that 
it  is  possible  to  reduce  the  friction  greatly  if  you  are  willing  to 
sacrifice  the  factor  of  safety.  If  you  heat  up  your  oil  and  thus 
reduce  the  viscosity  you  will  get  a  lower  friction,  but  you  will 
come  down  nearer  to  the  viscosity  of  minimum  friction  and  cut 
down  your  factor  of  safety.  That  is  the  great  danger  in  service 
tests.  Very  often  an  oil  will  be  substituted  for  another  in  the 
attempt  to  show  that  it  is  a  better  oil,  when  all  that  is  really  done 
is  to  substitute  an  oil  of  a  lighter  viscosity  and  get  a  lower  friction 
at  the  expense  of  a  lower  factor  of  safety. 

Mr.  J.  R.  Buchanan  :*  The  selection  of  the  proper  oil  for 
use  with  steam  turbines  should  be  given  serious  consideration  by 
the  users.  The  oil  suitable  for  use  for  lubricating  turbine  journals 
must  be  pure  mineral,  hydrocarbon  oil  free  from  tarry,  slimy  or 
saponifiable  matter;  acid,  soaps  or  thickeners;  water,  dirt,  grit 
or  other  suspended  matter. 

The  specific  gravity  should  be  between  0.860  and  0.880  at 
60  degrees  F. 

The  flash-point,  open-cup  tester,  must  not  be  below  334  de¬ 
grees  F. 


•Local  Engineer.  General  Electric  Co..  lMttsV)urgh. 
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The  viscosity  as  determined  at  40  degrees  C.  by  the  Saybolt 
viscosimeter  should  not  be  greater  than  228  seconds,  except  when 
turbin.es  drive  reduction  gears,  when  oil  having  a  viscosity  of 
300  seconds  is  recommended.  Experience  with  existing  lubricat¬ 
ing  systems  has  shown  this  viscosity  to  be  most  satisfactory. 
Several  factors  influencing  the  performance  of  lubricating  oil 
may  be  considered. 

Foaming.  Oil  foaming  is  caused  by  intimately  mixing  air 
with  the  oil,  which  may  be  due  to  air  leaks  in  the  pump  suction 
line,  trapping  air  in  the  oil  reservoir  when  adding  a  large  volume 
of  new  oil,  and  allowing  the  oil  returns  to  drop  upon  the  surface 
of  the  oil  in  the  reservoir  and  cause  severe  agitation  with  air. 
Oil  foam  will  fill  up  the  air  spaces  of  the  oil  reservoir  and  bear¬ 
ing,  and  if  in  excessive  quantities  will  creep  out  causing  an  oil 
loss.  Oil  foaming  can  sometimes  be  rectified  by  circulating  the 
oil  at  a  higher  temperature,  which  will  thin  the  oil  and  heat  the 
air,  causing  the  bubbles  to  break  up  quickly. 

Acidity.  Acids  found  in  a  petroleum  oil  may  be  divided 
into  two  kinds — mineral  acids  which  are  soluble  in  water,  and 
petroleum  acids  which  are  insoluble  in  water. 

Mineral  acids  attack  metals,  causing  pitting  and  corrosion. 
These  acids  when  present,  indicate  that  proper  care  has  not  been 
used  in  the  manufacture  as  such  acids  are  rarely  found  in  high- 
grade  oils  used  in  turbine  circulating  systems. 

Petroleum  acids  do  not  attack  bearing  metals.  In  new 
oil,  their  percentage  is  small,  probably  not  more  than  one-half 
of  one  per  cent. 

After  oil  has  been  in  service  for  a  considerable  period  of 
time,  petroleum  acids  may  be  formed.  It  has  been  found  that 
the  oxidation  of  the  oil  increases  the  percentage  of  acidity  of  the 
oil.  At  the  saturation  point,  the  oil  can  no  longer  hold  all  the 
acids  in  solution  and  precipitation  takes  place.  The  percentage 
of  acidity  which  determines  the  saturation  point  of  the  oil  is 
variable,  in  that  used  oils  will  hold  larger  percentages  of  petroleum 
acids  in  solution  than  new  oils.  Precipitate  is  sometimes  formed 
in  used  oil  by  the  oxidation  of  hydrocarbons  without  the  formation 
of  petroleum  acids.  This  precipitate  does  not  settle  out  easily. 

Sludge.  The  precipitates  which  form  in  used  oil  from  oxida¬ 
tion  and  acidity  are  commonly  known  as  sludge.  Heat,  water, 


1923] 


DISCUSSION — LUBRICATING  OILS 


535 


and  insoluble  impurities  will  increase  the  rate  at  which  oxida¬ 
tion  and  acidity  will  take  place. 

Emulsions.  It  is  quite  difficult  to  prevent  water  leakage  into 
the  oil  system  from  packing  glands.  Water  will  enter  the  lubri¬ 
cation  system  when  the  turbine  is  shut  down,  due  to  condensa¬ 
tion  on  the  inside  of  the  bearing  housing  when  cool.  It  may 
enter  the  system  through  small  leaks  in  the  oil  cooler  and  in  some 
cases,  which  however  are  exceedingly  remote,  through  cracks  in 
the  water-cooled  bearings.  Steam  condensation  when  formed, 
entering  the  lubricating  system  especially  when  feed-water  has 
been  chemically  treated,  is  very  objectionable. 

Emulsions  will  form  when  water  is  present  in  a  turbine  cir¬ 
culation  system.  An  emulsion  is  an  intimate  mechanical  mixture 
of  liquids,  insoluble  in  one  another  where  one  is  suspended  in 
the  other  in  the  form  of  minute  globules.  A  pure  water-and-oil 
emulsion  will  readily  separate  when  it  is  allowed  to  rest.  Forcing 
finely  divided  insoluble  substances  into  a  mixture  with  the  oil 
and  water,  forms  an  emulsion  of  a  permanent  nature ;  therefore, 
an  increase  in  acidity  which  forms  a  precipitate  in  the -oil  and 
any  foreign  impure  substance  forms  a  permanent  emulsion  and 
assists  in  the  more  rapid  formation  of  an  ordinary  emulsion. 

The  elimination  of  emulsions  and  sludge  from  a  lubricating 
system  is  very  necessary.  These  impurities  will  precipitate  in 
the  oil  reservoir,  on  the  strainer  filter,  and  in  the  oil  pipes, 
and  prevent  the  efficient  operation  of  the  lubricating  system. 

To  summarize ;  the  proper  turbine  oil  should  be  capable  of 
maintaining  a  lubricating  film  on  all  bearing  surfaces  under  all 
conditions  of  operation,  and  conducting  heat  away  from  the  bear¬ 
ings.  To  accomplish  this,  experience  has  shown  that  a  continuous 
filtration  system  is  of  very  material  economic  benefit  in  preserving 
the  proper  lubricating  qualities  of  the  oil. 

Mr.  Winslow  H.  Hersciiel:  Mr.  Lessells’  question  in 
regard  to  the  necessity  of  measuring  viscosity  under  pressure  may 
be  answered  by  reference  to  the  figure  drawn  on  the  blackboard. 
As  this  figure  is  not  given  in  the  paper,  a  brief  description  may 
be  helpful.  The  ordinate  is  the  coefficient  of  friction  of  a  journal 
bearing,  and  .the  abscissa,  which  may  be  called  S  for  convenience, 
is  the  product  of  two  terms,  of  which  the  first  is  the  product  of 


536 


PROCEEDINGS  ENGINEERS'  SOCIETY  OF  WESTERN  PENNA. 


[Jan. 


viscosity  and  speed  divided  by  the  pressure,  and  the  second  is  the 
square  of  the  ratio  of  journal  diameter  to  clearance. 

It  is  difficult  to  see  under  what  circumstances  the  difference 
between  two  oils  in  the  change  of  viscosity  with  pressure,  could 
be  very  important,  but  if  desired,  viscosity  under  pressure  may 
be  obtained  by  the  rolling  ball  viscosimeter  of  Flowers  or  by  the 
methods  described  by  Hyde  and  others.22 

In  the  diagram  referred  to,  starting  with  the  coefficient  of 
friction  of  rest,  the  friction  drops  very  suddenly  until  a  minimum 
value  is  reached,  when  5*  equals  S',  and,  as  5  is  further  increased 
the  friction  slowly  increases.  Similar  theoretical  curves  are  given 
by  Hersey.23  Now  for  values  of  S'  greater  than  S'  the  pressure 
in  the  oil  film  is  not  great  enough  to  change  the  viscosity  mater¬ 
ially.  For  values  of  S'  lower  than  S'  Sommerfeld’s  equations 
show  that  the  pressure  in  the  oil  film  increases,  reaching  infinity 
when  S'  equals  zero.  The  significance  of  this  result  is  greatly  re¬ 
duced  by  the  following  considerations. 

1.  At  the  lowest  value  of  S'  at  which  continuous  operation 
has  ever  been  attained,  the  maximum  pressure  in  the  oil  film  is 
only  about  five  times  the  nominal  bearing  pressure  as  usually  ob¬ 
tained  by  dividing  the  load  by  the  projected  area. 

2.  Since  the  increase  in  friction,  with  decrease  of  S'  below 
the  value  of  S',  is  much  more  rapid  than  calculated  by  Sommer- 
feld,  it  is  evident  that  his  equations  do  not  apply  to  these  condi¬ 
tions,  probably  because  there  is  incomplete  film  lubrication,  and 
hence  the  equation  for  pressure  in  the  oil  film  would  also  be  in¬ 
applicable.  It  is  of  course  realized  that  none  of  Sommerfeld’s 
equations  is  exact,  because  neither  he  nor  any  other  mathemati¬ 
cian  has  succeeded  in  taking  the  leakage  from  a  journal  bearing 
into  account ;  but,  by  “inapplicable,”  I  mean  a  much  wider  di¬ 
vergence  between  theory  and  experiment  than  is  found  with  values 
of  S'  above  S'. 

3.  It  is  generally  recognized,  as  indicated  by  tests  of  cutting 
oils,  that,  when  there  is  incomplete  film  lubrication,  then  oiliness, 
rather  than  viscosity,  becomes  the  property  of  major  impor¬ 
tance,  in  contrast  to  conditions  of  complete  film  lubrication  where 
oiliness  has  practically  no  effect,  and  viscosity  is  the  only  prop¬ 
erty  of  the  lubricant  upon  which  friction  depends. 
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It  does  not  seem  possible  at  this  time  to  fulfill  satisfactorily 
Mr.  Hecht’s  requirement  for  an  infallible  test  to  determine  when 
an  operating  engineer  should  discard  the  oil  from  a  turbine. 

It  seems  desirable  to  use  some  continuous  filtration  system, 
as  suggested  by  Mr.  Buchanan,  and  further  work  is  evidently 
needed  in  regard  to  the  saturation  point  to  which  he  refers. 

I  can  give  Mr.  Hecht  little  hope  that  organic  acidity  (neutrali¬ 
zation  value)  will  prove  a  satisfactory  index  to  when  to  reject 
an  oil  in  service,  present  indications  being  that  the  carboniza¬ 
tion  test,  which  shows  the  amount  of  oxidation  products  which 
have  been  formed,  is  the  preferable  test;  for,  apart  from  ex¬ 
traneous  material  such  as  dust  and  metallic  particles  for  which 
the  lubricant  is  not  responsible,  the  precipitate  or  sludge  must 
be  composed  of  oxidation  products. 

My  colleague,  Dr.  Waters,  has  recently  examined  a  turbine 
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oil  said  to  have  been  nine  years  in  use,  together  with  a  representa¬ 
tive  sample  of  the  new  oil,  and  the  results  may  be  of  interest. 
No  sulphuric  acid  could  be  detected  in  either  the  new  or  used 


oil. 

Test  New  oil  Used  oil 

Acidity,  mg.  KOH  per  g .  0.05  0.61 

Demulsibility  at  130  degrees  F.,  cc.  per  hr .  120  26 

Carbon  residue,  per  cent .  0.36  0.60 

Carbonization,  per  cent .  0.12  1.04 

Sulphur,  per  cent .  0.11  0.13 


It  will  be  noted  that  many  oils  are  higher  in  acidity  when 
new  than  this  oil  was  after  nine  years  of  use.  It  is  possible, 
however,  that,  although  the  value  of  acidity  has  little  significance 
because  the  identity  of  the  acid  is  unknown,  the  rate  of  change 
of  acidity  with  time  may  be  more  significant  of  an  approach  to 
the  saturation  point  where  sludge  is  formed.  It  will  he  ob¬ 
served  that  with  the  exception  of  acidity,  the  carbonization  shows 
the  highest  percentage  of  change. 

Mr.  Rodman  raises  the  question  of  the  relative  value  of 
tests  for  unsaturated  compounds  and  oxidation  tests.  While  it  is 
of  course  of  interest  to  investigate  causes  of  oxidation,  it  would 
seem  far  simpler  to  make  one  test  to  determine  the  amount  of 
oxidation,  whether  due  to  unsaturated  compounds,  aromatics  or 
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whatever  cause,  rather  than  to  make  separate  tests  for  each 
possible  cause  of  oxidation.  If,  for  example,  the  oxidation  were 
largely  due  to  sulphur,  tests  for  unsaturated  constituents  alone 
would  be  misleading  in  regard  to  the  chemical  stability  of  the  oil. 

As  regards  the  Michie  test,  it  apparently  measures  the  same 
properties  of  the  oil  as  does  the  Waters  test,  but  it  is  more  com¬ 
plicated  in  apparatus  and  operation,  and  the  45  hours  required 
is  an  unreasonable  length  of  time.  The  standard  temperature  for 
the  Waters  carbonization  test  for  lubricating  oils  is  250  degrees 
C.  (482  F.)  which  might  cause  trouble  when  applied  to  the  more 
volatile  transformer  oils,  on  account  of  spontaneous  ignition  of 
vapor  in  the  flasks.  Doubtless  a  suitable  lower  temperature  could 
be  found  for  transformer  oils,  low  enough  to  avoid  this  possible 
difficulty  of  “flashing”  and  yet  high  enough  to  yield,  within  a 
convenient  period  of  heating,  sufficient  amounts  of  asphalt  to  give 
reliable  comparative  data. 
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The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  William  Penn 
Hotel,  Parlor  “D”,  Tuesday,  December  12th,  at  4:40  P.  M.  President 
Henry  D.  James  presiding,  Messrs.  Crabtree,  Hildner,  Hunter,  Khuen, 
Hobbs,  Hawley  and  the  Secretary  being  present. 

The  Minutes  of  the  last  meeting  held  Nov.  21st,  were  approved  with¬ 
out  reading. 

Applications  for  membership  received  from  the  following  gentlemen, 
having  been  previously  published  to  the  Society  in  accordance  with  the 
action  of  the  Board,  were  elected  to  membership. 

MEMBERS 

Gallinger,  Walter  N. 

Ingram,  Herschel  Anthony 

Mantle,  Gregory  Douglas 

Miller,  Harry  R. 

ASSOCIATE  MEMBERS 

Bradford,  Herbert  H.  * 

Kirkpatrick,  George  Myers 

Applications  were  received  from  the  following  gentlemen  and  ordered 
published  to  the  Society  in  the  grades  recommended  by  the  membership 

committee. 


ASSOCIATES 

Dalzell,  James  Willis 
Parmelee,  Earle  Linsley 

MEMBERS 

Chappell,  Thomas  V. 

Cooper,  Howell  C.  (A.  S.  M.  E.) 

ASSOCIATE  MEMBER 

Thomson,  Joseph  Carl 

The  report  of  the  Secretary,  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  November  30th,  having  been  audited  by 
the  Finance  Committee,  was  approved. 

COMMITTEE  REPORTS 


The  Secretary  reported  verbally  on  behalf  of  the  Entertainment 
Committee  stating  that  final  arrangements  were  being  made  for  the  Annual 
Banquet,  January  22nd.  Two  speakers  have  been  secured  and  it  is  hoped 
to  have  the  third  by  the  end  of  this  week. 
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Mr.  Fohl,  Chairman  of  the  House  Committee,  reported  an  evening 
attendance  of  169  for  the  month  of  November. 

In  addition  to  the  regular  report,  the  Secretary  reported  verbally 
stating  that  the  Committee  is  considering  the  possibility  of  a  bridge  tourna¬ 
ment  in  the  spring  ending  with  an  evening  of  bridge  at  which  the  ladies 
would  be  invited.  Mr.  Fohl  did  not  wish  to  take  any  definite  action  until 
the  Board  had  discussed  the  matter  especially  with  regard  to  card  playing 
in  the  rooms  of  the  Society,  as  it  was  felt  this  might  establish  a  precedent. 

After  a  general  discussion,  it  was  moved  and  carried  that  the  Board 
issue  a  statement  permitting  card  playing  in  the  Rooms  of  the  Society  with 
absolute  restrictions  against  any  form  of  gambling  or  poker  and  further 
that  the  Secretary  announce  this  to  the  entire  membership. 

In  accordance  with  Article  5,  Section  5  of  the  By  Laws,  it  was  moved 
and  carried  that  the  nominations  as  published  to  the  Society  be  finally  ap¬ 
proved  and  that  letter  ballots  be  mailed  to  the  entire  membership  in  ac¬ 
cordance  with  the  By  Laws. 

On  motion  the  meeting  adjourned  at  5  :20  P.  M. 

K.  F.  Treschow,  Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room, 
William  Penn  Hotel,  Tuesday,  December  5th,  at  8:15  P.  M.,  Mr.  K.  T. 
Stearns  presiding  in  the  absence  of  the  Chairman,  58  members  and  visitors 
being  present. 

The  Minutes  of  the  last  meeting  held  October  10th,  were  read  and 
approved. 

There  being  no  further  business  before  the  Section,  the  paper  of  the 
evening  on  “The  Modern  Industrial  Gear”  was  presented  by  Messrs.  W.  H. 
Phillips,  Mgr.  Engineering  Dept,  and  L.  F.  Burnham,  Mechanical  Engineer, 
R.  D.  Nuttall  Co. 

The  ensuing  discussion  was  participated  in  by :  G.  E.  Flanagan,  Mech. 
Engr.,  Heyl  &  Patterson,  Inc.;  W.  M.  Austin,  Elec.  Engr.,  Westinghouse 
Elec.  &  Mfg.  Co. ;  J.  R.  Cline,  Practice  Man,  Universal  Portland  Cement 
Co.,  Universal.  Pa. ;  K.  T.  Stearns,  Engr.,  West  Penn  Power  Co. ;  F.  F. 
Espenschied,  Engr.,  City  Transportation  Repr.,  Commercial  Truck  Co., 
and  the  authors. 

On  motion,  duly  seconded  and  carried,  a  vote  of  thanks  was  extended 
to  the  authors  for  their  very  interesting  paper. 

The  meeting  adjourned  at  9:45  P.  M.” 

K.  F.  Treschow,  Secretary. 

REGULAR  MONTHLY  MEETING 

The  409th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room.  William  Penn  Hotel, 
Tuesday,  December  12th  at  8 :03  P.  M.,  President  H.  D.  James  presiding, 
73  members  and  visitors  being  present. 
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The  Minutes  of  the  last  meeting  held  November  21st,  were  read  and 
approved. 

The  Board  of  Direction  reported  the  election  of  four  applicants  to 
the  grade  of  Member,  two  to  the  grade  of  Associate  Member  and  two 
to  the  grade  of  Associate,  and  the  receipt  of  three  applications  for  member¬ 
ship.  Also  the  receipt  of  four  resignations. 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “Developments  in  Methods  and  Apparatus  for  Testing  and 
Balancing”  was  presented  by  Mr.  T.  Y,  Olsen,  V.  P.  &  Treas.  Tinius  Olsen 
Testing  Machine  Co.  Philadelphia,  Pa. 

The  ensuing  discussion  was  participated  in  by :  G.  L.  Jones ;  H.  D. 
James,  Mgr.,  Control  Engineering  Dept.,  Westinghouse  Elec.  &  Mfg.  Co.; 
R.  L.  Templift,  Chf.  Engr.  of  Tests.  Aluminum  Co.  of  America,  New  Kens¬ 
ington,  Pa. ;  W.  J.  Merten,  Metallurgical  Engr.,  Westinghouse  Elec.  & 
Mfg.,  Co.;  T.  D.  Lynch,  Research  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.: 
J.  C.  Hobbs,  Mgr.,  Allegheny  County  Steam  Heating  Co. ;  R.  Soderberg, 
Westinghouse  Elec.  &  Mfg.  Co.;  and  the  author. 

On  motion  duly  seconded  and  carried,  a  vote  of  thanks  was  extended 
to  Mr.  Olsen  for  his  very  interesting  paper. 

The  meeting  adjourned  at  9  :5 7  P.  M. 


K.  F.  Treschow,  Secretary. 
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Freeman,  P.  J.  Discussion  of  Concrete  pipe.  496. 

Freight.  See  Cranes,  Wharf. 

River  navigation.  Truck  transportation,  under  Street  traffic. 

Frogs.  See  Mine  track. 

Fuel.  See  Oil  fuel.  Pulverized  coal. 

Furnaces.  See  Oil  fuel.  Pulverized  coal. 

Gibson,  M.  D.  Discussion  of  Mine  track.  70. 

Goodale,  S.  L.  Discussion  of  Concrete.  102. 

Grain  growth  in  metals.  See  Brass. 

Grease.  See  Lubricants. 

Gunite.  See  Cement  gun. 

Haulage.  See  Mine  track. 

Haydock,  Winters.  Discussion  of  Bridge  design.  257. 

Haydock,  Winters.  Discussion  of  Petroleum.  44. 

Haydock,  Winters.  Discussion  of  Waterfront  development.  278. 

Heat  treatment.  See  Heating  furnaces,  under  Oil  fuel. 

Hecht,  Max.  Discussion  of  Brass.  31. 

Hecht,  Max.  Discussion  of  Lubricants.  523,  528,  529,  530. 

Heller,  L.  W.  Discussion  of  Lubricants.  532. 

Henderson,  A.  A.  Continuous-Traffic  Lift  Bridges  Proposed  for  Allegheny 
River  at  Pittsburgh.  227 . 

Heppenstall,  C.  W.  Discussion  of  Oil  fuel.  223,  224,  225. 

Hersc  hel,  Winslow  H.  Testing  the  Quality  of  Lubricating  Oils.  503. 
Hersey,  M.  D.  Discussion  of  Lubricants.  519,  520,  531,  532. 

Hertz,  S.  S.  Discussion  of  Transmission  lines.  416. 

Hildner,  L.  F.  W.  Discussion  of  Transmission  lines.  414,  418. 

Hill,  E.  Logan.  Discussion  of  Waterfront  development.  296. 

Hobbs,  J.  C.  Discussion  of  Oil  fuel.  222. 

Hobbs,  J.  C.  Discussion  of  Pulverized  coal.  182,  194,  199. 

Howell,  F.  K.  Discussion  of  Lubricants.  529. 

Howell,  F.  K.  Discussion  of  Oil  fuel.  224. 

Hulbert,  E.  C.  Discussion  of  Long-wall  mining.  448. 

Humphrey,  George  S.  Discussion  of  Transmission  lines.  415. 

Hunter,  John  A.  Discussion  of  Power-plant.  162. 

Insulators.  Transmission  line.  341,  349. 

James,  H.  D.  Discussion  of  Bridge  design.  256. 

James,  H.  D.  Discussion  of  Petroleum.  44. 

Johnson,  Roswell  H.  Appraisal  of  Oil  and  Gas  Properties.  35. 

Johnson,  Roswell  H.  Discussion  of  Petroleum.  56. 

Jorstad,  O.  M.  Discussion  of  Transmission  lines.  414,  418,  419,  420. 
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Kenney,  C.  W.  Discussion  of  Transmission  lines.  419. 

Khuen,  Richard.  Discussion  of  Bridge  design.  243. 

Knowles,  Morris.  Discussion  of  Waterfront  development.  301. 
Kreisinger,  Henry  and  Blizard,  John.  Powdered  Coal  as  Fuel  in  Steam 
Plants.  169. 

Lacy,  Robert.  Discussion  of  Power-plant.  163. 

Lambie,  Joseph  S.  Concrete  Pipe;  Plain  and  Reinforced.  471. 

Landslides.  453. 

Drainage  as  preventive.  453,  455,  456,  458,  460,  465,  469.. 

Leaf,  J.  P.  Discussion  of  Bridge  design.  257. 

Lessells,  J.  M.  Discussion  of  Lubricants.  519. 

Lewis,  Harry  J.  Discussion  of  Waterfront  development.  307. 

Lift  bridges.  See  Bridge  design. 

Linton,  Robert.  Use  of  Cement  and  Concrete  in  the  Underground  Workings 
of  the  North  Butte  Mining  Company.  76. 

Liquid  fuel.  See  Oil  fuel. 

Local  Earth  Movements  in  Western  Pennsylvania.  Leonard  F.  Bechtel.  453. 
Locomotive,  Mine.  62. 

Long,  C.  E.  Discussion  of  Mine  track.  69,  72,  73,  74. 

Long- wall  mining.  421. 

Coal-cutting.  429,  439. 

Cost.  433,  446. 

Haulage.  436,  439,  440,  441,  443,  450,  451. 

Laying  out.  437. 

Road  arrangement.  431. 

Roof  control.  424,  432,  435,  441,  448. 

Long-Wall  System  of  Mining.  R.  W.  McCasland.  421. 

Lubricants. 

Bibliography.  539. 

Color.  505. 

Fire  point.  507. 

Flash-point.  507,  533. 

Gravity  504,  533. 

Grease.  520. 

Oiliness.  511. 

Organic  acidity.  511,  524,  529,  531,  534,  537. 

Pour  point.  507. 

Properties.  503. 

Testing.  503. 

Carbon  residue  test.  514,  537. 

Emulsion  test.  512,  535. 

Waters  carbonization  test.  515,  524,  538. 

Viscosity.  508,  510,  519,  520,  521,  524,  533,  534,  535. 

Ludgate,  B.  A.  Discussion  of  Concrete  pipe.  494. 

Lynch,  T.  D.  Discussion  of  Brass.  29. 

McCasland,  R.  W.  Long-Wall  System  of  Mining.  421. 

McConnell,  M.  F.  Discussion  of  Powdered  coal.  198. 

McCullough,  F.  M.  Discussion  of  Concrete  pipe.  495,  496. 
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McDonald,  F.  A.  Discussion  of  Concrete.  105. 

Marso,  L.  W.  Discussion  of  Powdered  coal.  182. 

Martin,  J.  D.  Standardization  of  Mine  Tracks.  59. 

Martin,  James  S.  Discussion  of  Concrete  pipe.  499. 

Martin,  James  S.  Structural  Engineering  Problems  in  Transmission  Line 
Construction.  309. 

Mason,  J.  R.  Discussion  of  Powdered  coal.  184,  185. 

Mechanical  handling.  See  Cranes,  Wharf. 

Merten,  W.  J.  Discussion  of  Brass.  33. 

Mine  explosion.  435. 

Mine  fires.  98,  100. 

Mine  haulage.  See  Long-wall  mining.  Mine  track. 

Mine-shaft  lining.  See  Cement.  Concrete. 

Mine  structures.  See  Concrete. 

Mine  timbering.  77,  97,  102. 

Maintenance  in  shafts.  81,  84,  89. 

Mine  track.  Standardization.  59. 

Curve  resistance.  63. 

Frogs.  68,  71. 

Grade  resistance.  61,  63. 

Increased  gage  on  curve.  66. 

Study  of  conditions.  61. 

Switches.  67,  72,  73. 

Train  resistance.  61,  63. 

Mine  ventilation.  99. 

Mines.  Butte,  Mont.  76. 

Mining.  See  Long-wall  mining. 

Morse,  E.  K.  Discussion  of  Bridge  design.  249. 

Morse,  E.  K.  Waterfront  Improvements  in  the  Central  Business  District  of 
Pittsburgh.  267. 

Movable  bridges.  See  Bridge  design. 

“Muntz”  metal.  See  Corrosion. 

Nature  of  Brass.  A.  E.  White.  7. 

Natural  gas.  Appraisal.  42. 

See  also  Petroleum. 

Navigation.  See  River  navigation. 

Oil.  See  Lubricants.  Petroleum. 

Oil  fuel.  113. 

Air  piping.  220. 

Air  pressure.  201. 

Air  velocity.  202. 

Air  volume.  208. 

Burners.  Classification.  201. 

Combustion.  205. 

Cost  of  air  supply.  219. 

Heating  furnaces.  224,  225. 

Oil  shale.  See  Shale  oil,  under  Petroleum. 

Painting.  See  Transmission-line  towers,  under  Corrosion. 
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Palmer,  Dr.  C.  S.  Discussion  of  Landslides.  400. 

Parks.  See  City  planning. 

Paul,  J.  W.  Discussion  of  Concrete.  102. 

Paul,  J.  W.  Discussion  of  Long-wall  mining.  442,  446,  447,  452. 

Pa  lx,  J.  W.  Discussion  of  Mine  track.  73. 

Paul,  J.  W.  Discussion  of  Powdered  coal.  199. 

Pendleton,  D.  D.  Discussion  of  Brass.  26,  34. 

Pendleton,  D.  D.  Discussion  of  Power-plant.  140. 

Petroleum. 

Appraisal  of  properties.  35,  46. 

For  commercial  purposes.  52. 

For  rate  making.  46. 

For  taxation.  48. 

Resources.  44. 

Shale  oil.  45. 

Pipe,  Concrete.  471. 

History.  471. 

Manufacture.  486,  492,  494,  500. 

Sewer-pipe.  472,  491,  494,  502. 

Testing.  475,  481,  488,  493,  496,  499. 

Piping. 

Air.  220 

See  also  Power-plant. 

Pittsburgh. 

Bridges.  227,  281. 

Floods.  286,  293,  302. 

Landslides.  453. 

“Point”  development.  290. 

Raising  of  bridges.  228,  246,  252,  264. 

River  terminals.  271. 

River  tonnage.  271. 

Sewerage.  286,  293,  306. 

Street  traffic.  278. 

Transportation.  267,  293,  294. 

Water  stages  in  Allegheny  River.  236,  251,  270,  304. 

Waterfront  improvement.  267. 

Wharf  construction.  253,  259,  273. 

Pole  line.  See  Transmission  line. 

Powdered  Coal  as  Fuel  in  Steam  Plants.  Henry  Kreisinger  and  John 
Blizard.  169. 

Powdered  fuel.  See  Pulverized  coal. 

Power-plant. 

Ash  handling.  115,  145,  146,  147. 

With  pulverized  coal.  174,  191. 

Boiler  room.  112,140. 

Boilers.  117,  161,  163,  166. 

Clinker  grinder.  118,  146,  155. 

Design.  111. 
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Draft.  128,  149,  164,  190. 

Economizers.  116,  131,  134,  140,  148,  150,  162,  165,  191. 

Electrical  equipment.  125,  155. 

Fan  performance.  130,  157. 

Instruments.  122. 

Location.  109,  145,  309. 

Piping.  123,  133,  159. 

Pulverized  coal.  113,  157,  163,  169. 

Soot  blowers.  191. 

Steam  headers.  135,  136,  139,  163. 

Steam  turbine.  118,  120,  160. 

Power-Station  Design.  C.  W.  E.  Clarke.  109. 

Power  transmission.  See  Transmission  line. 

Pulverized  coal.  113,  157,  163,  169. 

Air  supply.  220. 

Anthracite  waste.  186,  189,  195. 

Burners.  177,  182. 

Combustion.  169,  184,  192,  197. 

Drying.  181. 

Power-plant  design.  See  Power-plant. 

Tests.  170,  180. 

Pulverized  fuel.  See  Pulverized  coal. 

Raymer,  A.  R.  Discussion  of  Bridge  design.  254. 

Read,  C.  D.  Discussion  of  Powdered  coal.  195. 

Reinforced  concrete  pipe.  See  Pipe,  Concrete. 

Reppert,  C.  M.  Discussion  of  Bridge  design.  241. 

Rice,  J.  M.  Discussion  of  Concrete  pipe.  492,  500. 

Rice,  J.  M.  Discussion  of  Waterfront  improvement.  305. 

River  navigation.  269,  270. 

Compared  with  railway  transportation.  268,  277,  285,  296. 

Obstruction  by  bridges.  234,  251. 

See  also  Pittsburgh. 

River  protection.  See  Wharf  construction,  under  Pittsburgh. 

Rodman,  C.  J.  Discussion  of  Lubricants.  525. 

Sag  calculations.  See  Sag,  under  Transmission  lines. 

Scharff,  Maurice  R.  Discussion  of  Petroleum.  55,  56,  57. 

Sewer-pipe.  See  Pipe,  Concrete. 

Sewerage.  See  Pittsburgh. 

Shaft  lining.  See  Cement.  Concrete. 

Shaft  timbering.  See  Mine  timbering. 

Shale  oil.  See  Petroleum. 

Simmons,  F.  A.  Discussion  of  Petroleum.  57. 

Slides.  See  Landslides. 

Slips.  See  Landslides. 

Smith,  H.  W.  Discussion  of  Transmission  lines.  417. 

Smith,  J.  Hammond.  Discussion  of  Concrete  pipe.  493. 

Soils.  Bearing  power.  465. 

Southard,  G.  B.  Discussion  of  Long- wall  mining.  439,  441,  443,  450,  452. 
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Stack.  See  Draft,  under  Power-plant. 

Standardization  of  Mine  Tracks.  J.  D.  Martin.  59. 

Steam  headers.  See  Power-plant. 

Steam  plant.  See  Power-plant. 

Steam  turbine.  118,  120,  160. 

Steel,  Structural.  1. 

Steidle,  Edward.  Discussion  of  Concrete.  107. 

Street  traffic. 

Pittsburgh.  278,  283,  291,  295. 

Truck  delivery  of  river  freight.  273,  283. 

Structural  Engineering  Problems  in  Transmission-Line  Construction.  James 
S.  Martin.  309. 

Structural  Steel.  See  Steel,  Structural. 

Structural  Steel;  Its  Past  and  Future.  G.  H.  Danforth.  1. 

Surveying.  See  Transmission  line. 

Terra-cotta  as  structural  material.  3. 

Testing.  See  Lubricants.  Pipe,  Concrete.  Tower. 

Testing  the  Quality  of  Lubricating  Oils.  Winslow  H.  Herschel.  503. 
Thayer,  H.  R.  Discussion  of  Bridge  design.  255. 

Thayer,  H.  R.  Discussion  of  Concrete  pipe.  493,  501. 

Thayer,  H.  R.  Discussion  of  Landslides.  465,  467. 

Thayer,  H.  R.  Discussion  of  Powdered  coal.  198. 

Timbering.  See  Mine  timbering. 

Tower. 

Anchorage.  See  Foundations. 

Construction.  317. 

Cross-arms.  329. 

Design.  317,  414. 

Erection.  340. 

Foundations.  326,  338,  340,  418. 

Head-frames.  329. 

Testing.  317. 

Tower  line.  See  Transmission  line. 

Tracks.  See  Mine  track. 

Traffic.  See  Cranes,  Wharf.  Pittsburgh.  River  navigation.  Street  traffic. 
Train  resistance.  See  Mine  track. 

Transmission  line. 

Conductors.  344,  416. 

Aluminum.  344. 

Copper-clad.  346,  353,  417. 

Construction.  309. 

Ice  load.  419. 

Sag.  347,  349,  414. 

Selection  of  route.  310. 

Surveying.  313. 

See  also  Insulators.  Tower. 
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Transportation. 

Railway  vs.  river.  268,  277 ,  285,  296. 

See  also  Pittsburgh.  River  navigation.  Street  traffic. 

Truck  transportation.  See  Street  traffic. 

Tubes.  See  Condenser  tubes.  Tubing,  under  Brass. 

Use  of  Cement  and  Concrete  in  the  Underground  Workings  of  the  North  Butte 
Mining  Company.  Robert  Linton.  76. 

Valuation  of  oil  properties.  See  Appraisal,  under  Petroleum. 

Van  Deventer,  F.  M.  Discussion  of  Power-plant.  128. 

Ventilation.  See  Mine  ventilation. 

Viscosity.  See  Lubricants. 

Wahlberg,  N.  A.  Discussion  of  Transmission  lines.  414,  415,  417. 
Waterfront  development.  267. 

Waterfront  Improvements  in  the  Central  Business  District  of  Pittsburgh .  E.  K. 
Morse.  267. 

Weinberg,  B.  B.  Discussion  of  Oil  fuel.  224. 

Weldin,  W.  A.  Discussion  of  Concrete.  104. 

Weldin,  W.  A.  Discussion  of  Long-wall  mining.  441,  444,  449,  450,  451, 
452. 

Weldin,  W.  A.  Discussion  of  Mine  track.  69,  70,  72,  73,  74. 

Weldin,  W.  A.  Discussion  of  Petroleum.  44. 

Wharf  construction.  See  Pittsburgh. 

Wharf  cranes.  See  Cranes,  Wharf. 

White,  A.  E.  The  Nature  of  Brass.  7. 

White,  Arthur  J.  Discussion  of  Concrete.  97,  100. 

White,  C.  M.  Discussion  of  Lubricants.  530,  531. 

Wrought-iron  as  structural  material.  1,  2. 
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George  H.  Barbour 

Born  March  3rd,  1867. 

Died  Pittsburgh,  Pa.  April  19,  1921. 

Director  1913,  1917,  1918  and  1919. 

Joined  Society,  April  1888. 

George  Hurlbut  Barbour  was  born  March  3,  1867,  in  old  Alle¬ 
gheny,  now  the  North  Side  of  Pittsburgh,  Pennsylvania.  He  was 
the  son  of  Joseph  Barbour,  Scotch  Irish,  a  native  of  Londonderry, 
Ireland,  and  Anjanette  Hurlbut  Barbour,  born  in  Allegheny,  but 
of  old  New  England  stock.  Mr.  Barbour  was  educated  in  the 
Public  Schools  of  Allegheny,  had  a  year  or  two  of  college  prepar¬ 
atory  and  then  entered  the  Western  University  of  Pennsylvania, 
now  the  University  of  Pittsburgh.  He  graduated  from  the  Uni¬ 
versity  as  a  civil  engineer  in  1887,  one  of  class  of  six. 

He  was  first  employed  by  the  Shiftier  Bridge  Company  and 
then  spent  three  years  with  the  Pittsburgh  Testing  Laboratory, 
serving  as  a  resident  engineer  for  that  concern  in  Chicago, 
Illinois,  Atlanta,  Georgia,  Philadelphia,  Pennsylvania,  and  then 
Buena  Vista,  Virginia.  Feeling  the  need  of  more  practical  know¬ 
ledge  of  the  manufacture  of  steel,  he  entered  the  employ  of  the 
Lewistown  Steel  Works  at  Lewistown,  Pennsylvania,  where  he 
spent  a  year  working  by  special  arrangement  with  the  managers, 
through  every  department  of  the  mills.  During  the  next  eight  or 
nine  years  he  was  associated  with  many  of  the  best  known  steel 
and  bridge  manufacturing  firms  of  the  Pittsburgh  District,  i.  e. 
the  Carnegie  Steel  Company,  the  Keystone  Bridge  Company, 
The  Fort  Pitt  Bridge  Company,  Jones  &  Laughlin  Steel  Com¬ 
pany.  The  Marshall  Foundry  &  Construction  Company  and  gave 
some  service  as  a  consulting  engineer. 

From  1901  to  1917J  Mr.  Barbour  was  employed  in  the  office 
of  the  Carnegie  Steel  Company  as  a  mechanical  engineer,  head  of 
the  Drafting  Department,  structural  .engineer.  During  this  period 
he  devoted  his  evenings  and  spare  hours  to  the  invention, 
perfection  and  patenting  of  between  20  and  30  devices  for  rail 
and  steel  manufacture  and  steel  and  concrete  structural  details. 
These  are  listed  as  follows:  Interlocking  metal  sheet  piling: 
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Rail  joints;  Metal  gangway  supports  for  mines;  Metallic  clip 
fastenings;  Rolling  mills;  Apparatus  for  reinforced  composite 
slabs;  Method  for  rolling  flanged  sections;  Composite  struc¬ 
tures;  Railway  tract  construction;  Methods  of  bending  Hanged 
shapes;  Building  structures;  Railway Uract  structures  and  methods 
of  making  same;  Methods  of  rolling  flanged  sections;  Rail  ties; 
Rail  joints;  Methods  of  rolling  flanged  shapes;  II  shapes;  and  the 
like.  Half  a  dozen  others  have  been  sold  or  the  patents  have 
lapsed.  All  Air  Barbour’s  patents  were  handled,  for  his  protec¬ 
tion,  by  the  firm  of  Bakewell  and  Byrnes,  Attorneys. 


In  11)17,  Mr.  Barbour  severed  his  connection  with  the  Car¬ 
negie  Steel  Company  and  took  up  some  special  work  for  the 
Dravo  Construction  Company.  That  work  completed  he  was 
employed  by  The  H.  Koppers  Company,  during  the  remainder  of 
■the  war  period  and  then  entered  the  employ  of  the  Schaeffer 
Engineering  and  Equipment  Company,  which  was  later  absorbed 
by  the  Fawcus  Machine  Company,  lie  was  with  this  firm  when 
he  developed  a  most  malignant  form  of  cancer  of  the  liver  and 
died  April  11),’  19*21.  after  four  months  of  illness,  lie  attended 
bis  office  and  performed  his  routine  work  until  just  a  month  be¬ 
fore  his  death.  During  his  young  manhood,  Mr.  Barbour’s 
tastes  were  strongly  literary  and  he  wrote  and  published  main 
verses.  The  majority  of  these  appeared  in  the  Pittsburgh  news¬ 
papers  and  be  was  chosen  as  official  poet  for  several  public  occa¬ 
sions.  He  published  three  small  volumes.  “Songs  and  Sonnets.” 
“From  the  Manger  to  the  Grotto”  and  “The  Mound  Builders.” 

He  was  a  vestryman  in  Saint  Andrew’s  Episcopal  Church,  a 
member  of  the  Engineers'  Society  of  Western  Pennsylvania  and 
the  American  Socictv  of  Mechanical  Engineers. 

In  1898,  Mr.  Barbour  married  Miss  Eleanor  Gcrwig  of  Alle¬ 
gheny.  His  widow,  four  children,  Katherine,  Joseph.  Florence, 
and  William,  three  sisters  and  one  brother  survive. 


4 


PROCEEDINGS  ENGINEERS’  SOCIETY  OF  WESTERN  PENNA. 


[Feb. 


William  Clyde  Wilkins. 

William  Clyde  Wilkins  was  born  in  Pittsburgh  on  April  10, 
1854,  at  71  Fourth  Street  (now  Fourth  Avenue)  Pittsburgh, 
the  son  of  Alvin  and  Charlotte  Clyde  Wilkins.  He  died  at  his 
residence,  941  North  Lincoln  Avenue,  Pittsburgh  on  April  12, 
1921. 

He,  with  his  parents;  moved  to  Detroit  in  1855. 

He  was  educated  in  the  public  schools  of  the  latter  city. 
In  September,  1872,  he  entered  the  Rensselaer  Polytechnic  In¬ 
stitute  at  Troy,  New  York,  where  he  remained  for  one  year.  He 
then  entered  the  employ  of  the  Munsing  Iron  Company,  Lake 
Superior,  where  he  served  two  years.  He  then  entered  the  em¬ 
ploy  of  the  Pennsylvania  Lines  at  Pittsburgh  under  Felician 
Slataper,  Chief  Engineer.  In  September,  1876.  he  returned  to 
Rensselaer  and  took  up  his  course  where  he  had  left  it.  He 
graduated  in  1879  with  the  degree  of  Civil  Engineer. 

Upon  his  graduation  he  entered  the  service  of  the  United 
States  and  was  assigned  to  a  party  making  a  hydrographic  sur¬ 
vey  of  the  Mississippi  River  in  the  vicinity  of  Fulton,  Tennessee. 
While  he  was  in  this  service  the  Mississippi  Commission  was 
created  and  the  party  with  which  he  was  connected  was  assigned 
to  service  with  the  Commission. 

He  left  this  employment  in  June,  1880,  and  joined  the 
Engineering  Department  of  the  Pennsylvania  Railroad  as  Assis¬ 
tant  Enginner  of  Construction  at  Philadelphia.  He  remained 
with  this  company  for  seven  years,  and  in  July,  1887,  he  re¬ 
turned  to  Pittsburgh  where  he  made  his  home  for  the  balance  of 
his  career. 

He  opened  an  office  on  Fourth  Avenue  and  it  is  interesting 
to  relate  that  this  office  was  on  the  same  side  of  the  street  as  his 
birthplace  and  within  three  hundred  yards  of  the  same.  He  was 
successful  in  his  practice  from  the  start. 

On  January  1,  1890,  lie  associated  with  him  Geo.  S.  Davison, 
a  member  of  this  Society,  and  the  business  was  carried  on  under 
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the  firm  name  of  Wilkins  and  Davison.  This  firm  moved  into  the 
Westinghouse  Building,  corner  of  Penn  Avenue  and  Ninth 
Street,  on  April  1,  1890,  at  which  location  the  business  thus 
established  is  still  being  conducted. 


Shortly  after  Mr.  Davison's  retirement  from  the  firm,  on 
January  1,  1900,  the  business  name  of  the  concern  was  changed 
to.  The  W.  G.  Wilkins  Company,  Mr.  W  ilkins  associating  with 
him  Jos.  F.  Kuntz  and  W  ilbur  M.  Judd,  both  members  of  thi> 
Society. 


During  his  service  with  the  Pennsylvania  Railroad,  lie  had 
charge  of  the  construction  of  many  important  works,  among  them 
being  the  Duquesne  Freight  Station  in  this  city,  and  the  stone 
arch  bridge  on  the  main  line  of  the  Pennsylvania  Railroad  at 
Johnstown. 

W  hile  Mr.  Wilkins'  practice  covered  every  branch  of  engi¬ 
neering,  he  had  a  strong  inclination  toward  architecture,  and 
through  his  efforts  his  firm  established  a  valuable  practice  in  that 
art.  Perhaps  one  of  the  best  examples  of  his  work  and  the  one 
that  is  most  highly  appreciated  by  his  fellow  alumni  of  Rens¬ 
selaer  Polytechnic  Institute  is  the  Pittsburgh  Building  on  the 
campus  of  the  Institute,  the  design  and  superintendence  of  which 
he  contributed  to  his  alma  mater. 


His  experience  with  the  Pennsylvania  Railroad  naturally 
fitted  him  for  railroad  work  and  his  firm  can  point  to  mam  rail¬ 
road  enterprises  in  Western  Pennsylvania,  W  est  Virginia  and 
Ohio  which  were  located  and  constructed  by  it. 

But  above  everything  else  Mr.  Wilkins  was  passionately 
fond  of  serving  the  coal  and  coke  interests,  and  he  became  an 
authority  on  the  development  of  shaft  mining  and  coking  plants. 
In  the  early  days  of  his  practice  he  was  called  upon  to  design  a 
head  frame  for  a  company  that  was  already  in  the  coke  business 
and  was  operating  old  style  wooden  head  frames.  Mr.  Wilkins, 
with  many  misgivings  on  the  part  of  the  owners,  persuaded  them 
to  allow  him  to  construct  a  steel  head  frame.  This  was  the  first 
of  the  many  steel  head  frames  that  have  been  constructed  in  this 
country. 
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His  complete  knowledge  of  the  coking  business  caused  his 
appointment  in  1901  as  one  of  the  three  Trustees  of  the  Estate 
of  \\  illiam  Thaw,  Deceased,  Coke  Trust,  a  concern  which,  as  is 
well  known,  owns  and  leases  many  thousands  of  acres  of  coal 
lands  in  the  Connellsville  Coke  Region.  He  continued  as  Trus¬ 
tee  until  his  death. 


During  a  temporary  .vacancy  in  the  office  of  the  City  Engi¬ 
neer  of  Allegheny,  much  against  his  desires  he  consented  to  per¬ 
form  the  duties  of  the  office.  This  he  did  very  acceptably.  Many 
extensive  public  improvements  were  carried  through  during  this 
time,  among  others  being  the  Perrysville  Avenue  improvement. 

In  addition  to  his  membership  in  this  Society  he  was  a  mem¬ 
ber  of  the  American  Institute  of  Consulting  Engineers,  American 
Institute  of  Mining  and  Metallurgical  Engineers,  American  Min¬ 
ing  Congress,  North  of  England  Institute  of  Mining  and  Mechani¬ 
cal  Enineers,  Coal  Mining  Institute  of  America,  Academy  of 
Science  and  Arts  of  Pittsburgh,  and  the  American  Society  of 
Civil  Engineers.  In  the  latter  Society  he  served  as  a  Director 
during  the  years  1909,  1910,  and  1911. 

Mr.  Wilkins  took  great  interest  in  -the  civic  affairs  of  the 
community.  He  was  a  member  of  the  Pittsburgh  Flood  Commis¬ 
sion  from  the  time  of  its  formation  in  1908  to  the  end  of  his  life. 
He  served  actively  on  the  Engineering  Committee  and  assisted 
in  the  exhaustive  study  of  the  water  sheds  of  the  Allegheny  and 
Monongahela  Rivers,  which  dealt  with  a  plan  for  controlling  the 
flood  waters  of  these  streams  through  the  construction  of  im¬ 
pounding  reservoirs. 

He  was  an  active  member  of  the  Chamber  of  Commerce  of 
Pittsburgh  and  served  as  a  Director  of  this  body  for  the  period 
from  1908  to  1914. 

As  a  member  of  the  various  committees  of  the  Engineers’ 
Society  of  Western  Pennsylvania  which  were  appointed  to  re¬ 
port  on  civic  matters  and  conditions  of  this  city,  he  took  part 
in  many  recommendations  for  the  public  good. 
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It  might  he  said  of  him  that  no  other  individual  made  so 
exhaustive  a  study  of  the  plans  and  prospects  of  the  Lake  Lrie 
and  Ohio  River  Ship  Canal.  The  conclusions  he  reached  about 
this  project  raised  serious  doubts  as  to  its  feasibility  and  he 
wrote  and  published,  af  his  own  expense,  several  documents 
which  were  so  clear  and  forceful  that  he  won  many  adherents  to 
his  views. 

At  the  session  of  the  Pennsylvania  Legislature  in  1911,  the 
City  of  Pittsburgh  was  granted  a  new  charter,  which  abolished  the 
plan  of  entrusting  the  legislative  work  of  the  City  of  two  large 
bodies  of  councilmen,  and  placed  the  work  in  the  hands  of  nine 
couhcilmen  to  be  elected  at  large.  Mr.  W  ilkins  was  a  member 
of  the  first  body,  which  was  appointed  by  the  Governor  on  June 
5,  1911.  At  the  expiration  of  his  commission  he  was  elected 
by  popular  vote  and  continued  in  office  until  December  31,  1910. 

Xo  finer  tribute  could  be  paid  his  services  as  a  public  man. 
than  a  portion  of  the  resolutions  adopted  by  thej  City  Council 
with  reference  to  his  demise. 

“In  public  office  and  in  his  professional  life.  Mr.  Wilkins 
stood  always  for  the  constructive  betterment  of  this  community 
and  was  a  worthy  representative  of  that  type  of  citizenship  to 
which  Pittsburgh  owes  much  of  its  present  greatness,  and  upon 
which  in  a  large  measure,  the  future  growth  and  prosperity  of 
our  City  depends.” 

He  was  a  great  lover  of  books  and  possessed  one  of  the  largest 
private  libraries  in  Pittsburgh.  While  this  library  was  very  ex¬ 
tensive  as  to  engineering  subjects,  it  was  noted  throughout  the 
country  as  being  one  of  the  most  complete  collections  of  the 
works  of  Charles  Dickens,  and  Mr.  Wilkins  was  internationally 
recognized  as  being  the  best  informed  student  as  to  this  author. 
He  wrote  profusely  and  delivered  many  lectures  on  Dickens. 

He  was  elected  a  member  of  the  Engineers’  Society  of  Western 
Pennsylvania  in  May,  1887.  He  was  President  of  the  Society 
in  the  year  1896,  and  served  as  a  Director  for  several  years 
previous. 

He  is  survived  by  his  wife,  Sarah  Rebecca  Simmons  of  Troy. 
X.  Y.,  to  whom  he  was  married  on  December  ‘29.  1880. 
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Francis  Z.  Sc h ellen berg 

Born,  Philadelphia,  Pa.,  Nov.  29,  1837. 

Died,  Pittsburgh,  Pa.,  Nov.  15,  1921. 

Joined  the  Society  February,  1882. 

Director— 1907,  1908  and  1909. 

Air.  F.  Z.  Schellenberg,  dean  of  the  consulting  engineers 
of  the  Pittsburgh  District,  died  at  the  home  of  his  daughter, 
Airs.  Elizabeth  S.  AlcGinnis,  237  N.  Dithridge  St.,  Pittsburgh,  Pa. 

Air.  Schellenberg  was  born  in  Philadelphia,  Pa.  of  German 
parents.  He  was  educated  in  the  common  schools  of  that  city 
and  at  the  Polytechnic  College  of  Pennsylvania,  where  in  1859, 
he  received  the  degree  of  civil  engineer.  The  only  surviving 
member  of  the  class  of  1859  is  Dr.  Daniel  Carhart  a  member  of 
the  Soeietv. 

During  the  following  eight  years  he  was  employed  in  rail¬ 
road  surveys  and  construction  in  New  Jersey  and  in  Pennsylvania. 
In  1862,  he  volunteered  for  service  in  the  Northern  Army  and 
camped  with  his  regiment  in  great  discomfort  before  the  battle 
of  Antietam.  In  1867,  All*.  Schellenberg  was  employed  by  the 
Westmoreland  Coal  Co.  at  Irwin  as  mining  engineer.  He  served 
this  company  in  the  capacity  of  engineer  and  later  as  General 
Superintendent  for  a  period  of  twenty-one  years.  The  com¬ 
pany  at  that  time  employed  1200  men. 

During  this  time,  the  employes  under  Air.  Schellenberg 
organized  the  first  Aliners’  Relief  Fund,  by  compulsory  contri¬ 
butions  of  all  employes.  The  company  contributed  an  amount 
equal  to  that  of  the  employes  and  benefits  covered  accidental 
deaths,  disability,  etc. 

In  1871  Air.  Schellenberg  married  Aliss  Alary  DeC.  Foster, 
daughter  of  the  Hon.  Henry  D.  Foster  of  Pennsylvania.  Airs. 
Schellenberg  died  at  Pittsburgh  Alarch  9,  1899,  leaving  two 
daughters  Elizabeth  (Airs.  AlcGinnis  of  Pittsburgh)  and  Emelie 
(Airs.  Paul  of  Buffalo,  N.  Y.)  and  a  son  Frank  F.  (who  was 
graduated  at  Princeton  in  1902  and  has  adopted  the  profession  of 
Civil  Engineer).  All  three  of  ATr.  Schellenberg’s  children  sur¬ 
vive  him. 
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In  1 8S.s,  he  removed  to  Pittsburgh  and  entered  into  private 
practice  as  consulting  engineer.  He  was  possessed  of  a  most 
remarkable  memory  and  so  devoted  himself  to  his  professional 
work,  that  it  was  said  of  him  that  ,at  one  time,  he  could  discuss 
from  memory  the  conditions  in  any  principal  entry  of  any  mint- 
in  the  Pittsburgh  District.  He  was  consulted  by  many  of  the 
large  corporations  of  this  region,  on  matters  ot  mining  and  rail¬ 
road  engineering  and  sent  to  make  reports  on  properties  in  thir¬ 
teen  states,  including  far  western  and  north-western  states,  be¬ 
sides  the  Canadian  Northwest  and  Northeast.  Mr.  Schellenberg 
served  on  the  Pennsylvania  State  Commission  which  prepared 
the  Mining  Laws  of  1893  governing  all  Bituminous  mines.  While 
still  living  in  Irwin,  Mr.  Schellenberg  joined  the  Engineers* 
Society  of  Western  Pennsylvania  in  1882,  and  continued  as  an 
active  member  until  a  few  years  before  his  death,  frequently 
contributing  to  its  papers  and  discussions  and  serving  as  a  director 
for  three  years  1907,  1908  and  1909.  , 


Mr.  Schellenberg  was  an  active  worker  in  several  other 
technical  societies.  For  three  years  he  was  president  of  the 
Coal  Mining  Institute  of  America  and  frequently  contributed 
to  its  proceedings.  He  was  also  a  member  of  the  Philiosophical 
Club  of  Pittsburgh,  The  Botanical  Society  of  Western  Pennsyl¬ 
vania,  the  Technicher  Yerein  of  Pittsburgh  and  the  German 
Club  of  Pittsburgh.  He  was  a  frequent  contributor  to  the  dis¬ 
cussion  and  publications  of  all  these  Societies.  Although  he  had 
never  been  abroad  and  was  entirely  self  taught,  he  became  verv 
proficient  in  the  German  language  and  some  of  his  technical  work 
'in  that  language  was  reprinted  in  Berlin. 


Mr.  Schellenberg  was  a  man  of  rigid  probity,  gentle  manner 
and  kindly  sympathy.  With  a  devotion  to  culture,  he  combined 
a  keen  sense  of  humor.  He  was  a  most  interesting  companion 
and  staunch  friend.  He  delighted  to  help  young  men  and  a  host 
of  friends  mourn  his  passing. 


BOARD  OF  DIRECTION. 


The  regular  monthly  meeting  of  tl>e  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rex  .ms 
(Parlor  B)  William  Penn  Hotel,  Thursday,  January  5th  at  4:10  P.  M.t 
President  George  H.  Danforth  presiding,  Messrs.  James,  Fold,  Spellmire, 
Schatz,  Hunter,  Stucki,  Blum,  Hawley  and  the  Secretary  being  present. 

The  Minutes  of  the  last  regular  meeting  held  December  1st.  were  read 
and  approved. 

The  applications  of  the  following  gentlemen,  having  been  regularly 
published  to  the  Society,  purusant  to  the  action  of  the  Board  were  ejected 
to  membership. 


MEMBERS 

Burner,  William  J. 

Forbath,  Elmer  F. 

JUNIOR 

Liindgren,  E.  H. 

The  applications  of  the  following  gentlemen  were  received  and  their 
names  ordered  published  to  the  Society.  Assignment  to  the  various  grades 
of  membership  is  as  follows : 


MEMBERS 

Clair,  Charles  Edwin  Lyon,  Dugald 

Kanarr,  Harry  Mortimer  Schnicke,  Robert 

ASSOCIATE  MEMBER 

Hammil,  Fred  W. 

Letters  of  resignation  were  received  from  the  following  meml>ers  and 
after  discussion,  were  ordered  accepted:  C.  J.  Brown,  S.  Buka,  Philip  O. 
Davis,  R.  Marsland. 

Requests  for  reinstatement  were  received  from  the  following  gentlemen 
and  the  Board  requested  that  letters  be  written  advising  them  that  they  had 
been  reinstated  to  membership:  S.  S.  Baker,  S.  L.  Fuller,  Richard  llirsch. 

The  Secretary  reported  the  death  of  Mr.  J.  S.  Cunningham  who 
joined  the  Society  May,  1914  and  died  Dec.  13,  1921. 

The  rej)orts  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  October  31st  and  November  30th,  having 
been  previously  audited  by  the  Finance  Committee,  were  approved. 

The  Secretary  reported  verbally  on  behalf  of  the  Entertainment  Com¬ 
mittee  stating  that  the  list  of  speakers  have  been  completed  for  the  banquet 
and  notices  mailed  out.  Up  to  the  present  time,  reservations  have  lx*en 
received  for  about  300  people,  which  is  somewhat  ahead  of  the  record  of 
previous  years.  The  Committee  is  to  hold  a  meeting  next  week  at  which 
all  details  for  the  dinner  will  be  completed.  It  is  expected  that  Governor 
Sproul  and  W.  W.  Atterbury  will  be  honor  guests. 

The  Secretary  reported  for  the  Finance  Committee  to  the  effect  that 
there  was  a  deficit  for  the  year  1921  of  approximately  $6000.  This  i-  made 
up  of  $130.00  entrance  fees,  which  should  have  been  transferred  to  tin* 
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Permanent  Fund;  $2400  borrowed  from  the  Permanent  Fund  during  this 
year  and  last  year;  $1000  received  in  Life  Memberships  which  must  be 
repaid  in  the  Permanent  Fund  and  about  $2500  to  $3000  in  unpaid  bills. 

Mr.  Schatz,  Chairman  of  the  House  Committee  reported  an  evening 
attendance  of  93  for  the  month  of  December. 

During  tbe  past  month  the  Committee  has  had  all  the  furniture  in  the 
Room  gone  over  and  refinished  where  it  is  needed,  together  with  some 
repair  work.  This  work  was  done  free  of  charge  through  the  courtesy  of 
the  Jos.  Horne  Co. 

Mr.  Hunter,  Chairman  of  the  Membership  Committee,  reported  ver¬ 
bally  stating  that  due  to  his  illness  and  other  matters,  the  committee  had 
not  been  able  to  carry  out  any  of  the  plans  suggested  but  hoped  to  start 
on  the  work  in  the  near  future. 

On  motion  the  meeting  adjourned  at  5:00  P.  M. 

K.  F.  Treschow,  Secretary. 


ANNUAL  MEETING 


The  Forty-Second  Annual  Meeting  of  the  Engineers’  Society  of 
W  estern  Pennsylvania  was  held  in  the  Blue  Room,  W  illiam  Penn  llote', 
Monday.  January  16th.  at  8:20  P.  M.,  President  George  H.  Dan  forth  pre¬ 
siding-.  69  members  and  visitors  being  present. 

The  Minutes  of  the  last  Annual  Meeting  held  January  18,  1921  were 
read  and  approved. 


The  Annual  Report  of  the  Board  of  Direction,  which  included  the 
reports  of  the  Standing  and  Special  Committees  the  Sections  and  the 
Treasurer,  were  read  as  follows: 


REPORT  OF  BOARD  OF  DIRECTION 

The  Board  of  Direction  of  the  Society  held  ten  regular  and  three 
special  meetings  during  the  year,  at  which  routine  business  of  the  Society 
was  transacted. 

During  the  year  there  were  nine  regular  and  the  Annual  Meeting  of 
the  Society.  The  total  attendance  was  674,  the  average  being  67.  The 
maximum  attendance  was  420  at  the  November  meeting  and  the  minimum 
47  at  the  December  meeting.  The  average  number  participating  in  the 
discussion  of  the  papers  was  six. 

At  the  close  of  the  year,  the  membership  of  the  Society  was  as  follows: 


Honorary  Members  . 

Members  .  1131 

Associate  Members  .  90 

Associates  .  27 

Juniors  .  74 

Student  Juniors  .  2 


Total  . 1325 

Dropped  .  None 

Resignations  .  53 

Removed  by  death  .  16 


T  otal  .  69 

Accessions  .  214 


Respectfully  submitted, 

K.  F.  Tresciiow,  Secretary. 

REPORT  OF  HOUSE  COMMITTEE 


To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania: 

Dear  Sirs  : 

The  evening  attendance  in  the  Society  Rooms  for  the  past  year  was 
561. 
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Two  new  chess  tables  and  glass  tops  for  the  four  tables  in  the  Society 
Rooms  were  presented  to  the  Society  by  Mr.  Schatz. 

During  the  year  the  House  Committee  held  several  meetings  with  the 
Finance  Committee  on  matters  in  connection  with  the  finances  of  the  Society 
and  a  joint  report  was  presented  to  the  Board  of  Direction  giving  certain 
recommendations  in  regard  to  our  finances. 

A  Chess  Tournament  was  held  in  the  Society  Rooms  and  prizes  awarded 
to  the  two  best  records  made.  Mr.  A.  Stucki  was  awarded  the  first  prize, 
an  engraved  silver  vase  filled  with  American  Beauty  Roses  presented  by 
Mr.  Dan  forth,  and  the  second  prize  was  awarded  to  Mr.  H.  R.  Thayer,  a 
set  of  ivory  chess  men  presented  hv  the  Federal  Engineering  Co. 

In  April  of  this  year  the  committee  called  on  Mr.  Shaw,  renting  agent 
of  the  Frick  Estate  with  reference  to  our  lease  which  was  to  expire  April 
1.  1922,  and  was  informed  that  our  rent  would  be  increased  from  $3204.00 
to  $5306.00  for  the  quarters  we  were  then  occupying  in  the  Union  Arcade 
Building.  This  amount  also  excluded  the  use  of  an  auditorium  which, 
under  the  old  lease,  the  Union  Arcade  were  paying  for.  As  the  rent  of 
an  auditorium  would  cost  approximately  $1200  per  year,  our  rent  would 
have  been  $6500.00  per  year.  Inasmuch  as  this  amount  was  beyond  ou: 
present  means,  the  blouse  Committee  reported  at  the  April  meeting  of  the 
Board  of  Direction  with  the  result  that  they  were  asked  to  call  a  joint 
meeting  with  the  Finance  Committee  and  make  a  careful  study  of  our 
finances  and  the  possibility  of  securing  other  quarters.  After  a  careful 
study  and  thorough  canvass  of  the  city,  at  which  time  all  the  principal 
buildings  were  covered,  it  was  found  that  the  most  favorable  proposition 
had  been  presented  by  the  William  Penn  Hotel,  which  offered  us  the 
room  we  are  now  occupying  together  with  the  Blue  Room  forty  times  a 
year  for  meetings  and  a  private  parlor  for  meetings  of  the  Board  of  Direc¬ 
tion,  at  $3600.00  per  year  or  about  60%  of  what  it  would  have  cost  to  re¬ 
main  in  the  Union  Arcade.  The  Committee  believes  that  the  Society 
has  benefited  by  our  move  to  the  Hotel  and  feels  that  we  will  be  able  to 
offer  certain  club  privileges  which  we  have  not  been  able  to  give  in  the  past 
and  they  have  already  made  certain  arrangements,  details  of  which  will 
be  announced  later.  We  might  add  at  this  point  that  the  evening  attend¬ 
ance  in  the  rooms  has  increased  100%  since  moving  into  the  hotel. 

Respectfully  submitted, 

Fred  C.  Schatz,  Chairman. 


REPORT  OF  PUBLICATION  COMMITTEE 


To  the  Board  of  Direction , 

Engineers’  Society  of  Western  Pennsylvania: 

Dear  Sirs  : 

During  the  year,  two  meetings  of  the  Committee  were  held  with  an 
average  attendance  of  eight. 

Papers  presented  at  the  General  Society  meetings  .  10 

Papers  read  at  various  Sections  .  27 

Nine  meetings  of  the  Practising  Engineers’  Section  were  held  to 
discuss  the  business  of  the  Section,  no  papers  being  presented  at  these 
meetings.  Twenty-three  of  the  above  papers  have  been  published  in  the 
Proceedings  of  the  Society,  or  will  appear  in  later  issues. 
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On  account  of  the  printers’  strike,  publication  of  the  proceeding 
has  been  very  much  delayed,  but  we  expect  to  be  up  to  date  by  the  middle 

of  February. 

Respectfully  submitted, 

L.  F.  W.  Hildxer,  Chairman. 

REPORT  OF  MEMBERSHIP  COMMITTEE 

To  the  Board  of  Direction, 

Engineers’  Society  of  ITcstern  Pennsylvania  : 

Dear  Sirs : 

An  effort  was  made  by  the  Committee  to  get  the  executives  of  some 
of  the  larger  companies  and  prominent  engineers  interested  in  the  Society 
by  sending  to  them  an  invitation  card  asking  them  to  join  the  Society  with¬ 
out  filling  in  an  application  blank.  Thirty-five  such  invitations  were  sent 
out,  eleven  of  which  were  accepted. 

The  Board  of  Direction  continuing  their  remittance  of  entrance  fees 
to  local  members  of  national  engineers’  societies  residing  in  this  district,  it 
was  decided  to  send  out  invitations  to  such  members.  Five  hundred  letters 
were  sent  out  asking  them  to  join  the  Society  by  simply  filling  out  a  card. 
Ninety-two  cards  were  received,  forty  from  the  A  S.  M.  E.,  twelve  from 
the  A.  I.  M.  &  M.  E.,  fifteen  from  the  A.  S.  C.  E.  and  twenty-five  from 
the  A.  I.  E.  E. 

The  Committee  also  recommended  that  a  Student  Section  be  formed 
of  the  students  attending  the  University  of  Pittsburgh.  Carnegie  Institute 
of  Technology',  and  the  Apprenticeship  Courses  at  the  Westinghouse  Elec. 
&  Mfg.  Co.,  and  was  authorized  to  form  such  a  section.  Due  to  the  financial 
condition  of  the  Society  no  definite  action  has  been  taken  on  this  recommen¬ 
dation  up  to  the  present  time. 

At  the  close  of  the  year,  the  membership  of  the  Soociety  was  as  follows  : 

Honorary  Members 

Members  . 

Associate  Members 

Associates  . . 

Juniors  . 

Student  Juniors  ... 


1 

11.11 

00 

27 

74 


Dropped  . 

Resignations  . 

Removed  by  death 


1325 

None 

53 

16 


60 

Accessions  .  214 

The  Committee  feels  that  the  Society  should  have  at  least  twice  a> 
many  members,  and  for  this  reason  it  would  like  to  suggest  that  each 
member  of  the  Society  make  an  effort  to  have  all  engineers  of  their 
acquaintance  become  members.  In  addition  to  the  advantages  received  by 
being  associated  with  engineers  and  belonging  to  an  engineers’  society,  the 
committee  would  call  attention  to  the  new  quarters  in  the  William  IVnti 
Hotel,  which  offers  a  club  room  conveniently'  located  for  the  use  of  the 
members. 

Respectfully'  submitted, 

John  A.  Hunter,  Chairman 
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REPORT  OF  CIVIC  AFFAIRS  COMMITTEE 


To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania: 

Dear  Sirs  : 

I  he  Committee  held  only  one  meeting  during  the  year  at  which  were 
discussed  the  three  propositions  presented  by  Mr.  R.  J.  Allderdice,  Director, 
Department  of  Public  Safety,  City  of  Pittsburgh  on 

1st.  Widening  of  "\yater  Street 
2nd.  Widening  of  Duquesne  Way 

3rd  Using  wharves  as  at  present  for  parking  purposes. 

The  Committee  recommended  that  the  third  proposition  be  approved, 
hut  stated  that  it  would  be  best  to  not  approve  the  first  ,  two  propositions 
until  after  the  widening  of  Second  Ave.,  as  they  would  then  be  in  a 
better  position  to  make  recommendations. 

Respectfully  submitted, 

J.  D.  Martin,  Chairman. 


REPORT  OF  FINANCE  COMMITTEE 


To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania  : 

Dear  Sirs  : 

Your  Finance  Committee  begs  to  submit  the  following  report  of 
work  done  during  the  past  year. 

The  Finance  Statements  of  the  Secretary  have  been  audited  monthly 
and  found  to  be  correct. 

At  the  April  meeting  of  the  Board  of  Direction,  the  House  Committee 
reported  that  they  had  been  informed  by  Mr.  Shaw  of  the  Estate  of  H.  C. 
Frick  that  our  rent  was  to  be  increased  at  the  expiration  of  our  present 
lease  April  1,  1922  from  $3200  to  $5300,  not  including  the  use  of  an  audi¬ 
torium  which  would  make  our  total  rent  approximately  $6500  per  year. 
After  a  general  discussion  of  the  Financial  conditions  of  the  Society  it  was 
recommended  at  this  meeting  that  the  House  and  Finance  Committees  make 
a  joint  investigation  as  to  the  financial  condition  of  the  Society  and  the 
possibility  of  securing  other  quarters  at  rent  within  our  means. 

These  committees  held  several  meetings  during  which  a  careful  study 
of  expenditures  and  receipts  for  the  past  fifteen  years  was  made  and  a 
number  of  detailed  reports  were  made  up  by  the  Secretary  showing  receipts 
for  the  past  fifteen  years  divided  into  dues,  entrance  fees  and  miscel¬ 
laneous  Classification  of  dues  based  on  membership  December  31.  1920, 
record  of  membership  1907  to  1921  giving  new  members,  resignations,  loss 
by  death,  dropped,  and  net  gain  or  loss  by  years.  Detailed  account  of 
expenditures  for  the  past  fifteen  years  and  a  summary  showing  total  mem¬ 
bership.  total  receipts  and  expenditures,  and  average  cost  per  member. 

An  analysis  of  these  reports  showed  that  while  our  receipts  had  had 
a  steady  increase  in  accordance  with  the  growth  of  the  Society,  which 
averaged  a  net  gain  of  approximately  38  a  year  during  the  period  under 
investigation,  our  expenditures  showed  a  rapid  rise  between  the  years 
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1919  and  1920.  The  cost  per  meml>er  in  1919  Ixing  $10.69  and  in  1920 
$15.21  per  member.  In  looking  alxmt  for  relief,  it  was  discovered  that  this 
increase  was  due  almost  entirely  to  the  increased  cost  of  printing,  which 
jumped  from  $2735.90  in  1919  to  $5360.8K  in  1920.  It  might  lx*  pointed 
that  our  five  year  contract  with  the  printer  expired  December  31,  1919. 

Other  items  of  expense  were  found  to  have  had  but  a  slight  increase 
in  accordance  with  the  increased  activities  of  the  Society.  It  must  lx* 
remembered  that  these  increased  expenditures  were  prior  to  the  prop  ped 
increase  in  rent  which  the  report  of  the  Chairman  of  the  House  Com¬ 
mittee  will  show  amounted  to  more  than  100%,  and  even  with  the  change 
that  has  been  made  by  moving  into  the  W  illiam  Penn  Hotel,  the  Society 
stands  obligated  to  an  increase  of  $400  a  year  in  rent.  In  regard  to  the 
increased  cost  of  printing,  the  Publication  Committee  in  January.  1921 
secured  bids  from  thirty-two  printers  in  Pittsburgh.  Philadelphia,  Baltimore 
Greensburg.  Latrobe  and  Crafton  with  the  result  that  it  was  found  our 
present  printer  was  doing  the  work  from  25c  to  $5.00  a  page  cheaper  than 
any  bids  received. 

Consideration  of  these  facts  by  the  Committees  resulted  in  the  follow - 
'  ing  recommendation  being  made  at  a  special  meeting  of  the  Board  of 
Direction  held  in  June  of  this  year: 

“In  view  of  the  findings  of  the  Committees  as  given  in  the  above 
report,  together  with  the  data  on  finances  mailed  to  each  memlier  of  the 
Board  of  Direction,  the  Committees  recommends  that  the  dues  be  increased 
$2.50  per  year  and  further  that  our  present  quarters  be  cut  down  by  re¬ 
leasing  either  part  or  all  of  our  present  club  room  in  order  that  our  ex¬ 
penditures  may  be  kept  within  our  income.” 

This  matter  was  discussed  at  length  at  this  meeting  with  the  result 
that  the  members  of  the  Board  felt  that  an  increase  in  dues  should  be 
avoided  if  at  all  possible  and  the  Committees  were  asked  to  go  into  these 

matters  further. 

The  Chairman  of  the  Finance  Committee  would  feel  that  his  duties 
were  not  fully  discharged  unless  some  attempts  were  made  to  show  the 
members  the  financial  standing  of  the  Society  at  th<^  present  time,  and  the 
following  extract  from  the  report  of  our  auditors,  who  have  just  com¬ 
pleted  their  annual  audit  of  the  accounts  of  the  Society,  puts  this  very 
clearly,  and 

“The  above  deficit  ($2420.82)  apportioned  to  the  averaged  membership 
of  1250  for  the  eighteen  months  ending  December  31,  1921  results  in  a  net 
loss  of  approximately  $1.94  per  memlier.  excluding  interest  received,  en¬ 
trance  fee.  life  membership  and  income  from  practising  engineers,  which 
should  not  be  considered  as  normal  income  the  net  loss  would  be  $5863.01 
or  approximately  $4.62  per  member.” 

It  will  lx  seen  from  the  report  of  the  House  Committee  that  all 
possible  has  been  done  in  regard  to  quarters.  Xo  further  reduction  can 
be  hoped  for  in  rents.  Unless  essential  activities  of  the  Society  are  to  lx 
curtailed,  no  reduction  of  moment  can  be  hoped  for  in  printing.  No 
increase  of  membership  in  a  number  sufficient  to  meet  our  difficulties  seems 
possible. 

It  therefore  appears  to  the  Chairman  of  the  Finance  Committee  no 
other  alternative  but  to  renew  the  recommendations  made  at  the  special 
meeting  of  the  Board  of  Direction  that  the  dues  be  increased  and  lie  F 
quite  certain  that  the  increase  proposed  is  none  too  large. 

Respectfully  submitted, 

Wm.  F.  Four..  Chairman. 
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REPORT  OF  ENTERTAINMENT  COMMITTEE 

To  the  Board  of  Direction , 

Engineers'  Society  of  Western  Pennsylvania  : 

Dear  Sirs  : 

The  following  entertainments  were  held  during  the  past  year  : 

January  16th — Annual  Banquet — Paid  attendance,  749. 

April  2nd — Inspection  trip — Colfax  Plant,  Duquesne  Light  Co.  Attend¬ 
ance  300. 

June  4th— Inspection  Trip — Beech  Bottom  Power  Co.  plant,  Wellsburg, 
W.  A  a.  Attendance  132, 

June  8th — Boat  Excursion — Steamer  Sunshine — Attendance  90. 

September  3rd — Inspection  Trip — Government  Locks  and  Dams  at 
Emsworth.  Attendance  104. 

On  account  of  business  depression,  other  inspection  trips  and  enter¬ 
tainments  were  not  held. 

Respectfully  submitted, 

Walter  B.  Spell  mire.  Chairman. 


REPORT  OF  GOVERNING  COUNCIL 
ASSOCIATED  ENGINEERING  SOCIETIES  OF  PITTSBURGH 


To  the  Board  of  Direction, 

Engineers’  Society  of  Western  Pennsylvania  : 

Dear  Sirs  : 

Organization  meeting  held  April  28th. 

Five  meetings  of  the  Council  were  held  during  the  year. 

April  28th — Organization  meeting. 

May  28th — Meeting  held  to  discuss  the  question  of  the  Government 
presenting  either  a  part  or  all  of  the  Arsenal  property  to  the  City  for  use 
as  an  approach  for  the  Bridge  at  40th  Street,  or  selling  it  to  the  City  for 
a  nominal  sum.  Three  members  were  appointed  to  attend  the  meeting  held 
in  Washington  to  consider  the  matter. 

June  13th — Meeting  held  to  discuss  plans  of  Boulevard  of  the  Allies, 
known  as  high  level  and  low  level  plans  submitted  by  Director  Brown  of 
the  City  of  Pittsburgh.  Resolution  adopted  recommending  the  high  level 
plan,  as  it  was  thought  traffic  could  be  better  taken  care  of  in  this  way. 

June  22nd — Meeting  called  to  discuss  question  of  suggesting  names 
to  Governor  Sproul  for  appointment  on  the  Engineering  Board  to  be 
appointed  in  accordance  with  recent  Act  passed  Licensing  Engineers  in 
the  State  of  Pennsylvania.  Letter  was  written  Governor  Sproul  sending 
list  of  names  as  suggested. 
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Committee  also  inspected  plans  in  the  City-County  Building  for  the 
New  Boulevard  of  the  Allies  and  also  the  completed  model  made  hy  the 
Jones  &  Laughlin  Steel  Co. 

October  4th — Meeting  called  to  discuss  the  Major  Street  Plan  of  the 
Citizens’  Committee  on  City  Plan  of  Pittsburgh  and  recommendations  made 
that  Council  endorse  said  plan  and  urged  the  City  of  Pittsburgh  to  give 
this  plan  their  consideration  when  making  alterations,  improvements  or 
otii<?r  changes  in  the  present  street  system. 

Respect  fully  submitted, 

George  H.  Daxforth,  President ,  Governing  Council. 


REPORT  OF  TREASURER 


To  the  Board  of  Direction , 

Engineers’  Society  of  Western  Pennsylvania: 

Dear  Sirs : 

Your  Treasurer  begs  to  submit  the  following  financial  report  of  the 
Society  for  the  year  ending  December  31st,  1921  : 

Receipts 


Dues  collected  . $12,419.53 

Life  Memberships  .  900.00 

Entrance  Fees  .  745.00 

Sale  of  Advertising  Space  .  836.13 

Sale  of  Magazine  “Proceedings”  .  613.09 

Sale  of  Society  Pins  .  117.52 

Interest  on  Bonds  .  732.50 

Interest  on  Bank  Balances  .  121.98 

Sale  of  Boat  Excursion  Tickets  .  152.00 

Income  from  Banquet  .  5,222.00 

Income  from  Dinner-Dances,  etc .  500.20 

Received  from  Practising  Engineers  .  194.74 

Miscellaneous  .  38.60 


Total  Receipts  . $22,593.29 


Disbursements 


Administrative  and  General  . $12,048.93 

Sectional  Expenses  : 

Mechanical  Section  .  278.01 

Civil  Section  . 298.95 

Metallurgical  and  Mining  Section  .  210.59 

Practising  Engineers’  Section  .  96.67 

Steel  Works  Section  . 146.72 

Cost  of  Magazine  “Proceedings”  . 1,837.37 

Entertainment  Expenditures  . 5.950.64 


Total  Disbursements  . $22,867.88 

Excess  of  Disbursements  over  Receipts  .  274.59 
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Assets 


Permanent  Fund 

Dec.  31,  1920 

Dec.  31,  1921 

Bonds  . 

. $13,738.00 

$13,738.00 

Cash  (Fidelity  T.  &  T.  Co.)  . 

.  1.514.71 

2,194.71 

Reserve  Fund 

Cash  (Fidelity  T.  &  T.  Co.)  . 

.  1,200.00 

100.00 

General  Fund 

Cash  (Diamond  National  Bank)  .., 

.  201.26 

302.79 

$16,653.97 

$16,335.50 

Decrease  in  Assets  . 

318.47 

$16,653.97 

$16,653.97 

INVESTMENTS 
Bonds  Ozvned — Permanent  Bund 


One  $1000  U.  S.  Liberty  Bond  4J4%  No.  54437,  maturing  Sep¬ 
tember  15,  1928  . $  973.00 

One  $1000  Butler  Water  Company  5%  Bond  No.  9,  matures  Sep. 

tember  2,  1931  .  750.00 

Two  $1000  Connellsville  Water  Company  5%  Bonds  Nos.  317 

and  318.  maturing  October  1,  1930  .  1.500.00 

Two  $1000  Portsmouth,  Berkley  &  Suffolk  Water  Co.,  5%  Bonds 

Nos.  465-466,  maturing  November  1,  1944  .  1,800.00 

Two  $1000  Jamison  Coal  &  Coke  Co.,  5%  Bonds  Nos.  1502  and 

1503,  maturing  November  1,  1931 .  1.940.00 

Two  $1000  Union  Steel  Co.,  5%  Bonds  Nos.  38642-38643,  ma¬ 
turing  December  1,  1952  .  2.025.00 

Two  $1000  Pennsylvania  Railroad  Co..  4^2%  Bonds,  Nos.  27320 

and  27321,  maturing  August  1,  1960  .  1,870.00 

Three  $1000  Jones  &  Laughlin  Steel  Co.,  5%  Bonds,  Nos.  3020- 

3021  and  3022,  maturing  May  1,  1931 .  2.8SC.00 


Total  Securities  Owned  . $13,738.00 

Due  to  the  increased  cost  of  printing  and  rent  and  to  the  fact  that 
our  dues  were  not  increased  since  1913,  we  have  a  deficit  this  year  of  about 


$6000.00  A  detailed  statement  of  this  deficit  was  presented  by  the  Chair¬ 
man  of  the  Finance  Committee  so  that  it  will  be  unnecessary  to  repeat  it 
here. 

Our  bonds  show  a  slight  improvement  over  last  year. 

Respectfully  submitted, 

A.  Stucki,  Treasurer. 

REPORT  OF  CIVIL  SECTION 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania: 

Dear  Sirs  : 

I  beg  to  submit  the  report  of  the  work  done  by  the  Civil  Section 
during  the  year  1921. 
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Five  regular  meetings  of  the  Section  were  held  during  the  year.  The 
average  attendance  at  these  metings  was  ?5,  the  maximum  being  at  the 
January  4th  meeting,  108,  and  the  minimum  22  at  the  May  3rd  meeting. 

An  average  of  seven  participated  in  the  discussion  of  the  several  papers 
presented.  The  papers  presented  during  the  year  were : 

January  4th — Annual  Meeting.  “Erection  Methods  for  Heavy  Viaduct 
and  Bridge  Construction  Showing  Erection  of  Belly  River  and  Deep 
Creek  Viaduct  and  the  Quebec  Bridge.”  By  George  F.  Porter,  Chief 
Engineer,  Canadian  Bridge  Co.,  Ltd.,  Walkervillc,  Ont. 

March  8th — “Aerial  Photography  as  Applied  to  Surveying.”  By  J.  Bradley 
Mandeville,  Chief  Engineer,  T.  W.  Phillips  Gas  &  Oil  Co.,  Butler,  Pa. 
May  3rd — “The  Miles  Acid  Process  of  Sewage  Treatment.”  By  Dr.  E. 

W.  Mohlman,  Chief  Chemist.  Sanitary  District  of  Chicago,  Chicago,  Ill. 
October  11th — “The  Erection  of  the  33rd  Street  Bridge  Allegheny  River 
Crossing  of  the  B.  &  O.  R.  R.  at  Pittsburgh.”  By  J.  L.  deVou,  Divi¬ 
sion  Erection  Manager,  American  Bridge  Co.,  Pittsburgh,  Pa. 

November  8th — “The  Traffic  Count  of  Pittsburgh.”  By  Winters  Haydock, 
Engineer,  Citizens’  Committee  on  City  Plan  of  Pittsburgh,  Pittsburgh. 

Pa. 

Respectfully  submitted, 

L.  P.  Rt.um,  Chairman. 


REPORT  OF  MECHANICAL  SECTION 

To  the  Board  of  Dircctioyi, 

Engineers’  Society  of  Western  Pennsylvania : 

Dear  Sirs : 

I  beg  to  submit  the  report  of  the  work  done  by  the  Mechanical  Sec¬ 
tion  during  the  year  1921. 

Four  regular  meetings  of  the  Section  were  held  during  the  year.  The 
average  attendance  at  these  meetings  was  113,  the  minimum  being  62  at  the 
April  5th  meeting  and  the  maximum  205  at  the  October  4th  meeting. 

An  average  of  seven  participated  in  the  discussion  of  the  papers  pre¬ 
sented.  The  papers  presented  during  the  year  were : 

February  1st — Annual  Meeting.  “A  Dscription  of  the  Large  Boilers 
Operating  at  the  River  Rouge  Plant  of  the  Ford  Motor  Company.” 
By  George  T.  Ladd,  George  T.  Ladd  Co.,  Pittsburgh,  Pa. ;  E.  C. 
Keithley,  Locomotive  Superheater  Co.,  New  York ;  H.  D.  Savage, 
Combustion  Engineering  Co.,  New  York. 

April  5th — “Explosion  Hazards  in  Industrial  Plants  Due  to  Use  of  Pul¬ 
verized  Coal.”  By  L.  D.  Tracy,  U.  S.  Bureau  of  Mines.  Pittsburgh,  Pa. 

June  14th — “Some  Properties  and  Uses  of  Monel  Metal.”  By  R.  J.  McKay, 
Ind.  Fellow,  Mellon  Institute,  Pittsburgh,  Pa. 

“Calorizing  as  a  Protection  for  Metals.”  By  A.  V.  Farr,  Mechanical 
Engineer,  The  Calorizing  Co.,  Pittsburgh,  Pa. 

October  14th — “Power  Station  Design*.”  C.  W.  E.  Clarke,  Power  En¬ 
gineer,  Dwight  P.  Robinson  Co.,  New  York,  N.  Y. 

Respect  full)’-  submitted, 

J.  C.  Hobbs,  Chairman. 
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REPORT  OF  MINING  SECTION 


To  the  Board  of  Direction , 

Engineers'  Society  of  Western  Pennsylvania  : 

Dear  Sirs  : 

I  beg  to  submit  the  report  of  the  work  done  by  the  Mining  Section 
during  the  year  1921. 

Four  meetings  of  the  Section  were  held  during  the  year.  The  average 
attendance  at  these  meetings  was  38,  the  maximum  being  52  at  the  March 
29th  meeting  and  the  minimum  22  at  the  June  25th  meeting. 

An  average  of  five  participated  in  the  discussion  of  the  papers  pre¬ 
sented.  The  papers  presented  were : 

January  25th — Annual  Meeting.  “Coal  Mine  Explosions.”  By  J.  W.  Paul. 
Coal  Mining  Engineer,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 

March  29th — “Coal  Washing — Its  Objects,  Methods  and  Accomplishments.” 
By  Paul  Stewart — Assistant  Chief  Engineer,  Roberts  &  Schaefer  Co.. 
Chicago,  Ill. 

June  28th — “Description  of  Mather  Collieries  Plant.”  By  J.  R.  Elliott. 
Baton  &  Elliott,  Pittsburgh,  Pa. 

November  29th — “The  Lynch  Plant  of  the  United  States  Coal  &  Coke  Co.” 
By  H.  N.  Eavenson,  Cons.  Mining  Engineer,  Howard  N.  Eavenson  and 
Associates,  Pittsburgh,  Pa. 

Respectfully  submitted, 

J.  D.  Martin  Chairman. 


REPORT  OF  PRACTISING  ENGINEERS’  SECTION 


To  the  Board  of  Direction , 

Engineers’  Society  of  Western  Pennsylvania  : 

Dear  Sirs : 

I  beg  to  submit  the  report  of  the  work  done  by  the  Practising  En- 
•gineers’  Section  during  the  year  1921. 

Two  meetings  of  the  Section  were  held,  two  being  open  meetings,  the 
others  being  held  to  discuss  the  framing  of  and  introducing  into  the  Legis¬ 
lature  the  bill  which  has  since  been  approved  by  the  Governor,  for  the 
regulation  of  engineering  practice;  also  various  matters  coming  up  in 
connection  with  the  work  of  the  engineers  in  private  practice. 

The  average  attendance  at  these  meetings  was  25.  the  minimum  being 
10  at  the  September  21st  meeting  and  the  maximum  60  at  the  March  8th 
meeting. 

At  the  two  open  meetings  ‘the  following  papers  were  presented : 

November  22nd — “A  Major  Street  Plan  for  Pittsburgh.”  By  C.  L.  Wool¬ 
dridge.  General  Superintendent,  Carnegie  Land  Co,  Pittsburgh.  Pa. 

March  8th — “Aerial  Photography  as  Applied  to  Surveying.”  By  J.  Brad¬ 
ley  Mandeville,  Chief  Engineer,  T.  W.  Phillips  Gas  &  Oil  Co.,  Butler. 
Pa. 


At  these  meetings  the  average  number  participating 
was  ten. 


Respectfully  submitted, 


in  the  discussion 


C.  E.  Long,  Chairman . 
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REPORT  OF  STEEL  WORKS  SECTION' 

To  the  Board  of  Direction, 

Engineers'  Society  of  Western  Pennsylvania : 

Dear  Sirs : 

I  beg  to  submit  the  report  of  the  work  done  by  the  Steel  W  orks  Sec¬ 
tion  during  the  year  1921. 

Three  meetings  of  the  Section  were  held.  The  average  attendance 
at  these  meetings  was  101,  the  maximum  being  126  at  the  April  26th 
meeting  and  the  minimum  82  at  the  October  25th  meeting. 

An  average  of  five  participated  in  the  discussion  of  the  papers  pre¬ 
sented. 

The  papers  presented  were : 

February  28th — Organization  Meeting.  “Distribution  and  use  of  Coke 
Oven  Gas.”  By  Strickland  Kneass,  Jr.,  Steam  Engineer,  Youngstown 
Sheet  &  Tube  Co.,  Youngstown,  Ohio. 

April  26th — Joint  Meeting  A.  S.  M.  E.  and  Section.  “Possibilities  of  Im¬ 
proved  Methods  of  Rolling  Sheet  Steel.”  By  Sumner  B.  Ely,  Visiting 
Professor,  Mechanical  Engineering,  Carnegie  Institute  of  Technology, 
Pittsburgh,  Pa. 

October  25th — “Heating  Furnaces — Design  and  Practice.”  By  Dr.  C.  M. 
Stein,  Engineer,  Paris,  France.  (Presented  by  Mr.  W.  B.  Chapman. 
President,  Chapman  Engineering  Co.,  in  the  absence  of  Mr.  Stein). 

Respectfully  submitted. 

T.  P.  Davies,  Chairman. 


REPORT  OF  TELLERS 


To  the  Members, 

Engineers’  Society  of  Western  Pennsylvania  : 

Dear  Sirs  : 

The  undersigned  tellers  publicly  canvassed  the  ballots  in  the  annual 
election  of  officers  of  the  Society  at  noon,  Monday,  January  16th,  1922, 
and  beg  to  report  the  following  results : 

Ballots  received  .  329 

Irregular  ballots  .  10 


Ballots  counted  .  339 


For 

President . 

. Henry  D.  James 

325 

For 

For 

For 

Vice  President . 

Treasurer . 

Directors . 

. Frederic  Crabtree 

fj.  C.  Hobbs 
. \C.  D.  Terry 

327 

328 
326 
326 

Respectfully  submitted, 

Charles  C.  Dornbush,  Chairman ; 
E.  D.  Leland, 

T.  A.  McEwen 

Tellers. 
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The  President  thereupon  declared  the  following  men  elected : 

For  President . ; . Henry  D.  James 

For  Vice  President . Frederic  Crabtree 

For  Treasurer . A.  Stucki 

■c  / J.  C.  Hobbs 

For  Directors . \c.  D.  Terry 

Before  the  new  president  was  escorted  to  the  chair,  Mr.  Danforth 
addressed  the  Society  as  follows : 


1  would  particularly  call  your  attention  to  the  report  of  the  Finance 
Committee, — tney  have  had  some  trying  times  to  contend  with  and  the 
vvorK  is  not  finished,  i  do  not  want  you  to  think  that  the  bociety  is  bank¬ 
rupt,  for  it  is  still  far  from  being  in  that  condition,  but  the  facts  are  as 
shown  by  the  report,  that  for  two  years  back  we  have  been  exceeding  our 
income,  due  to  tne  increasing  costs  of  everything  that  the  Society  requires 
to  carry  on  its  work  This  lias  been  aggravated  by  the  difficulties  in  col¬ 
lecting  the  dues,  which  is  accounted  for  by  lack  of  business  for  our  members. 
There  is  a  decided  opposition  to  an  increase  in  our  dues  and  the  opposition 
is  well  founded,  but  it  the  increase  is  to  be  avoided,  we  will  have  to  have 
one  of  three  tilings  happen — first,  a  large  increase  in  our  membership, 
which  1  would  like  to  see,  but  do  not  know  how  it  can  be  brought  about; 
second,  a  prompt  payment  of  this  year’s  dues  as  well  as  paying  up  of  those 
that  are  in  arrears  and  third,  an  attendance  at  our  entertainments  that  will 
put  them  in  the  position  where  they  are  a  financial  benefit  to  the  Society 
instead  of  a  financial  drag.  If  this  can  be  brought  about,  there  need  be  no 
serious  curtailment  of  the  Society’s  activities  which  curtailment  would  be 
seriously  regretted.  I  have  only  to  tell  you  that  the  cost  of  operating  the 
Society  has  risen  from  $10.69  in  1919  to  $15.21  in  1920  with  a  slight  re¬ 
cession  in  1921  to  $1500.;  these  figures  being  on  a  per  capita  basis. 

The  president  then  appointed  Mr.  Neilson  and  Mr.  Stucki  to  escort  the 
president  elect  to  the  chair.  Mr.  Henry  D.  James  being  duly  installed  as 
President  addressed  the  Society  as  follows  : 

This  ceremony  is  always  very  pleasant  for  the  incoming  president.  It 
is  a  great  pleasure  for  any  engineer  to  be  elected  to  the  presidency  of  our 
Society. 

We  have  listed  some  good  reports  this  evening  and  they  are  all  very 
encouraging  with  the  exception  of  the  financial  report.  The  recommenda¬ 
tion  of  this  committee  for  an  increase  in  dues  is  a  logical  conclusion  to  be 
drawn  from  our  existing  financial  status,  but  I  believe  we  will  find  another 
solution  for  this  difficulty  and  I  am  certain  the  other  members  of  the 
Board  agree. 

At  the  present  time  we  have  fourteen  hundred  members.  If  we  can 
secure  a  net  increase  of  two  hundred  members,  we  can  probably  balance 
our  budget.  This  will  require  only  one  member  out  of  every  seven  in  our 
Society  securing  a  new  man.  Out  of  our  fourteen  hundred  members  we 
certainly  should  have  two  hundred  who  are  active  enough  and  good  enough 
salesmen  to  secure  one  member  each. 

We  have  an  excellant  talking  point  in  our  new  quarters  at  the  William 
Penn  Hotel.  These  quarters  fulfill  our  long  felt  want  for  club  facilities 
which  we  have  obtained  without  any  increased  liabilities  on  our  part. 
Adjoining  our  club  room  is  the  Hawaiian  Room  where  dinner  dances  are 
held  every  night.  We  hope  to  organize  special  parties  of  club  members, 
probably  once  a  month,  to  enjoy  an  informal  dinner  dance.  If  you  are 
fond  of  dance  music  and  do  not  want  to  attend  dinner,  spend  an  evening 
in  our  club  room  and  enjoy  the  music  free  of  charge.  The  Secretary  can 
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make  hotel  reservation  for  you  or  your  guests  and  can  also  secure  pullman 
tickets-  through  the  hotel  office  in  the  usual  way.  There  is  a  cafeteria 
adjoining  the  club  where  you  can  obtain  a  lunch  for  fifty  cents  if  you  are 
not  very  hungry.  Urge  these  advantages  on  our  own  members  as  well  a* 
the  prospective  members  so  that  every  one  may  take  full  advantage  of  the 
increased  facilities  afforded  the  members  of  our  Society. 

Now  a  word  regarding  some  of  our  plans.  It  is  always  well  for  a 
president  to  get  the  advice  of  others  There  is  no  one  in  our  Society  who 
is  more  interested  in  our  policy  and  progress  than  our  two  vice  presidents. 
Both  Mr.  Knowles  and  Mr.  Crabtree  have  agreed  to  act  with  me  as  an 
executive  committee  during  this  administration.  Mr.  Knowles  will  be 
chairman  of  the  Civic  Affairs  Committee  and  Mr.  Crabtree  will  be  chair¬ 
man  of  the  Publication  Committee.  Mr.  Hunter  will  continue  as  Chair¬ 
man  of  the  Membership  Committee  and  Mr.  Hildner  will  serve  as  chair¬ 
man  of  the  Medal  Awards  Committee.  Mr.  Hawley  has  consented  to  act 
as  Chairman  of  the  Finance  Committee  and  Mr.  Fohl  will  take  charge  of 
the  House  Committee.  The  present  Entertainment  Committee  will  serve 
until  after  the  banquet.  , 

The  officers  and  directors  of  our  Society  want  the  active  assistance  of 
every  member  in  developing  our  Society  and  we  will  welcome  suggestions 
for  increasing  our  service  to  both  our  members  and  the  community.  If 
you  have  any  ideas  and  cannot  communicate  with  me,  talk  them  over  with 
Mr.  Knowles,  Mr  Crabtree  or  with  other  members  of  the  Board.  It  is 
always  well  to  put  your  suggestions  in  letter  form  and  send  them  to  the 
Secretary  so  we  may  have  a  record  of  them. 

No  further  business  coming  before  the  Society,  the  retiring  president's 
address  was  presented  by  Mr.  George  H.  Danforth  on  Structural  Steel- 
Its  past  and  Future. 

The  ensuing  discussion  was  participated  in  by  :  Mr.  W.  W.  Hendrix, 
Sales  Mgr.,  Pittsburgh-Des  Moines  Steel  Co.,  Pittsburgh,  Pa.;  Mr.  L. 
F.  W.  Hildner,  V.  P.  &  Chf.  Engr.,  Pittsburgh  Bridge  &  Iron  Wks.,  Pitts¬ 
burgh,  Pa.;  Mr.  H.  D.  James,  Mgr.,  Control  Engineering  Dept.,  Westing- 
house  E.  &  M.  Co.,  and  the  author. 

On  motion,  the  meeting  was  adjourned  until  the  next  evening  for  the 
election  of  the  president  and  officers,  as  according  to  the  By  Laws,  the 
Annual  Meeting  should  be  held  Third  Tuesday  of  January. 

K.  F.  Treschow,  Secretary. 


MINING  SECTION 


The  Annual  Meeting  of  the  Mining  Section  of  the  Engineers’  Society 
of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel. 
Tuesday  Jan.  31st,  8:30  P.  M.,  Chairman  J.  D.  Martin  presiding,  18  members 
and  visitors  being  present. 

The  Minutes  of  the  last  Annual  Meeting  were  read  and  approved. 

The  Annual  Report  of  the  Executive  Committee  was  presented  by  the 

Chairman. 

The  report  of  the  Nominating  Committee  was  read  by  Mr.  J.  \V.  Paul 
in  the  absence  of  Mr.  Fohl,  Chairman,  as  follows : 
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Officers  and  Members  of  Mining  Section, 

Engineers’  Society  of  Western  Pennsylvania : 

Dear  Sirs : 

Your  Nominating  Committee  have  appointed  the  following  nominees 
‘for  the  several  offices  of  the  Section  for  the  ensuing  year. 

W.  A.  W eldin  . Chairman 

H.  N.  Eavenson  . Vice  Chairman 

E.  H.  Coxe 
J.  O.  Durkee 

J.  R.  Elliott  }• . Directors 

R.  R.  Hice 

R.  W.  McCasland  j 

Respectfully  submitted, 

W.  E.  Fohl,  Chairman ; 

J.  W.  Paul 

J.  M.  Rayburn 

Tellers. 

On  Motion  the  nominations  were  closed  and  the  Secretary  instructed 
to  cast  a  unanimous  ballot  in  favor  of  the  officers  named  and  they  were, 
therefore,  declared  elected. 

There  being  no  further  business,  the  meeting  adjourned  and  the  regular 
bi-monthly  meeting  was  called  to  order  by  Chairman  elect  W.  A.  Weldin. 

There  being  no  further  business,  the  paper  of  the  evening  on  Standard¬ 
ization  of  Mine  Turnouts  was  presented  by  the  retiring  Chairman,  J.  D. 
Martin,  Chief  Engineer,  Hillman  Coal  &  Coke  Co.,  Pittsburgh,  Pa. 

The  ensuing  discussion  was  participated  in  by:  J.  W.  Paul,  Chief,  Coal 
Mining  Investigations,  U.  S.  Bureau  of  Mines;  W.  A.  Weldin,  Blum 
Weldin  &  Co. ;  C.  E.  Long,  Civil  Engineer,  Pittsburgh,  Pa. ;  W.  M.  Austin. 
Elec.  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.,  East  Pittsburgh.  Pa.,  and 
the  author. 

On  motion  the  meeting  adjourned  at  9:45  P.  M. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRLCTION. 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
Parlor  "D”,  William  Penn  Hotel,  Thursday,  February  2nd,  at  4:10  P.  M. 
President  Henry  D.  James  presiding,  Messrs.  Knowles,  Crabtree,  Hunter. 
Fohl,  Ladd.  Terry,  Hobbs,  Blum,  Weldin,  Long,  Hawley,  Danforth  and  the 
Secretary  being  present. 

The  Minutes  of  the  last  regular  meeting  held  December  1st.  were 
read  and  approved. 

The  applications  of  the  following  gentlemen  having  been  regularly 
published  to  the  Society,  pursuant  to  the  action  of  the  Board,  were  elected 
to  membership. 


Members. 

Clair,  Charles  Edwin 
Kanarr,  Harry  Mortimer 
Lyon,  Dugald 
Schnicke,  Robert 

Associate  Member. 

Hammil,  Fred  W. 

The  applications  of  the  following  gentlemen  were  received  and  thei »• 
names  ordered  published  to  the  Society.  Assignment  to  the  various  grades 
of  membership  is  as  follows. 

Members. 

Carpenter,  Charles  A. 

Carter,  Emmett  Browning 
Dunnells,  Clifford  CL 
Law,  Stanley  Overholt 
Peale,  Rembrandt 

Associate  Members. 

Berggreen,  Paul  Harold 
Peters  Ellsworth  E. 

Stripe,  William  Carl 

Juniors 

McEwen,  J.  D. 

Stotz,  Edward  Jr. 

Request  was  received  from  Mr.  S.  K.  Eastwood,  asking  that  he  be 
transferred  to  a  higher  grade  of  membership.  After  discussion,  the 
Secretary  was  requested  to  advise  Mr.  Eastwood  of  his  transfer  to  tin- 
grade  of  Member. 

The  Secretary  reported  the  death  of  the  following  members. 

D.  PI.  Amsbarv, 

T.  W.  Campbell, 

E.  W.  Summers. 
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The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  December  31st,  having  been  previously 
audited  by  the  Finance  Committee,  was  approved. 

Mr.  Hawley,  Chairman  of  the  Finance  Committee  announced  the  ap¬ 
pointment  of  the  following  gentlemen  as  members  of  the  committee  for 
the  ensuing  year. 

A.  S.  Davison, 

F.  C.  Schatz, 

M.  R.  Scharff, 

W.  B.  Spellmire. 

Mr.  Fold,  Chairman  of  the  House  Committee,  reported  an  evening  at¬ 
tendance  of  115  for  January. 

Owing  to  the  recent  appointment  of  the  Committee  chairman  no 
further  reports  were  presented. 

Mr.  James  brought  up  the  matter  of  the  change  in  date  of  Board 
meetings  from  the  first  Thursday  to  the  third  Tuesday  of  each  month, 
stating  that  the  reason  for  this  suggested  change  was  that  it  would  enable 
the  Secretary  to  make  up  the  Finance  Statement  for  the  preceding  month 
in  time  for  the  Board  meeting  instead  of  presenting  the  report  a  month 
old  as  at  present.  He  also  stated  that  by  holding  the  meeting  on  this  date 
members  of  the  Board  might  take  dinner  together  and  attend  the  regular 
monthly  meeting. 

After  a  general  discussion,  it  was  moved  and  carried  that  the  meeting 
be  held  on  the  third  Tuesday  of  the  month  at  4  :30  and  that  the  Secretary 
send  out  postcard  notices  with  the  next  notice  of  the  Board  asking  those  who 
wished  to  take  dinner  in  the  hotel  to  reply  in  order  that  proper  arrange¬ 
ments  could  be  made. 

Mr.  James  also  brought  up  the  matter  of  classifying  applications  sug¬ 
gesting  that  this  work  be  referred  tc  the  Membership  Committee  and  that 
they  meet  each  month  to  go  over  the  applications,  classifying  them  and 
presenting  the  list  at  the  next  meeting  of  the  Board  of  Direction.  This 
would  save  the  time  of  the  Board  usually  spent  on  this  work  and  permit 
their  using  it  for  more  important  matters. 

Mr.  James  stated  that  all  Committee  chairmen  had  been  appointed  and 
that  the  Civic  Affairs  Committee,  of  which  Mr.  Knowles  was  Chairman, 
expected  to  take  an  active  interest  in  all  civic  matters  brought  to  their 
attention  and  would  appreciate  the  cooperation  of  the  members  of  the 
Board  in  calling  to  their  attention  questions  on  which  they  should  take 
action. 

It  was  suggested  that  one  subject  which  should  be  considered  by  the 
Committee  was  that  of  Smoke  Abatement,  inasmuch  as  there  does  not 
seem  to  have  been  much  activity  since  the  war  along  these  lines. 

The  Secretary  presented  a  letter  from  Mr.  Richard  Khuen  requesting 
that  the  Board  consider  inviting  the  American  Engineering  Council  to 
hold  its  next  meeting  in  Pittsburgh.  Air.  Khuen  stated  that  he  had  received 
a  letter  from  Dean  Cooley,  President  of  the  Federated  American  Engineer¬ 
ing  Societies  in  which  he  suggested  that  he  believed  the  Board  would  ac¬ 
cept  such  an  invitation  if  extended  and  felt  that  it  would  increase  the 
interest  in  the  Federated  Engineering  Societies  if  the  Council  were  to  meet 
in  Pittsburgh. 
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After  a  general  discussion,  it  was  moved  and  carried  that  the  President 
take  this  matter  up  with  the  various  sections  of  the  local  societies  in 
Pittsburgh  and  if  they  would  agree  to  cooperate,  that  the  invitation  In- 
extended. 

The  Secretary  retired  from  the  room  while  the  election  of  the  Secretary 
took  place  and  Mr.  K.  F.  Treschow  was  reelected  Secretary  at  the  same 

salary. 

On  motion  the  meeting  adjourned  at  5:15  P.  M. 

K.  F.  Treschow,  Secretary. 
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MECHANICAL  SECTION. 


The  Annual  Meeting  of  the  Mechanical  Section  of  the  Engineers' 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn 
Hotel,  Tuesday,  February  7th,  at  8:25  P.  M.  Chairman  J.  C.  Hobbs  presid¬ 
ing  285  members  and  visitors  being  present. 

The  Minutes  of  the  last  Annual  Meeting  were  read  and  approved. 

The  Annual  Report  of  the  Section  was  read  by  the  Secretary 

The  report  of  the  Nominating  Committee  was  read  by  Mr.  H.  A. 
Rapelye,  Chairman  as  follows  : 

Officers  and  Members  of  Mechanical  Section 
Engineers'  Society  of  l  restern  Pennsylvania. 

Dear  Sirs  : 

Your  Nominating  Committee  has  appointed  the  following  nominees 
for  the  several  officers  of  the  Section  for  the  ensuing  year. 

Moore  W.  E.,  Chairman 
Fox,  J.  FI.,  Vice  Chairman. 

Dandridge,  E.  P.  j 
Morton,  J.  A. 

Patterson.  P..  C.  }■  Directors 

Polk.  R.  E. 

Streeter,  R.  L.  J 

Respectfully  submitted, 

H.  A.  Rapelye,  Chairman, 

W.  B.  Skinkle, 

E.  J.  Stephany, 

Tellers. 

On  motion  the  nominations  were  closed  and  the  Secretary  instructed 
to  cast  a  unanimous  ballot  in  favor  of  the  officers  named  and  they  were, 
therefore,  declared  elected. 

There  being  no  further  business  the  meeting  adjourned  and  the  regular 
bi-monthly  meeting  was  called  to  order  by  Mr.  Hobbs  in  the  absence  of 
Mr.  W.  E.  Moore,  chairman  elect. 

There  being  no  further  business,  the  paper  of  the  evening  was  pre¬ 
sented  by  Mr.  Henry  Kreisinger,  Research  Engineer.  Combustion  Engi¬ 
neering  Corporation,  New  York  and  Mr.  John  Blizard,  Fuel  Engineer,  U.  S. 
Bureau  of  Mines,  Pittsburgh,  Pa.  on  Powdered  Coal  for  the  Generation 
of  Steam. 

Written  discussion  was  presented  by  A.  E.  Blake,  Pgh.  Repr.  U.  G.  I. 
Contracting  Co.,  Pittsburgh,  Pa. 

The  ensuing  discussion  was  participated  in  by:  Jos.  Breslove,  Con¬ 
sulting  Engineer.  Pittsburgh;  J.  B.  Crane,  Engr.,  George  T.  Ladd  Co.; 
C.  C.  Emmons,  Eff.  Engr..  Republic  Iron  &  Steel  Co..  Youngstown.  O. ; 
J.  R.  Mason.  Dist.  Sales  Mgr.  Wickes  Boiler  Co.j  M.  F.  McConnell. 
Supt..  Carnegie  Steel  Co.,  Mingo  Junction,  O. ;  L.  W.  Marso,  The  Hard- 
inge  Co.,  New  York,  N.  Y. ;  H.  C.  Cronemeyer,  Designer,  Jones  &  Laugh- 
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lin  Steel  Co.,  Woodlawn,  Pa. ;  F.  F.  Espenschied,  Pgh.  Dist.  Mgr.,  Com¬ 
mercial  Truck  Co.  of  Philadelphia;  C.  D.  Reed,  Steam  Inspector,  Duquesnc 
Light  Co.;  F.  J.  Crolius,  Steam  Engr.,  Homestead  Steel  Wks.  Carnegie 
Steel  Co.,  Munhall,  Pa.;  H.  R.  Thayer,  Markhart  Thayer  Engineering  Co.; 
J.  C.  Hobbs,  Asst,  to  Supt.  Power  Stations,  Duquesne  Light  Co.;  J.  W. 
Paul,  Chief,  Coal  Mining  Investigations,  C.  S.  Bureau  of  Mines,  Pitts¬ 
burgh  ;  and  the  authors. 

A  vote  of  thanks  was  extended  to  Mr.  Kreisinger  and  Mr.  Blizard  for 
their  very  interesting  and  instructive  paper. 

On  motion  the  meeting  adjourned  at  10:42  P.  M. 

,  K.  F.  Treschow,  Secretary. 


CIVIL  SECTION. 

The  Annual  Meeting  of  the  Civil  Section  of  the  Engineers'  Society  of 
Western  Pennsylvania  was  held  in  the  Georgian  Room,  William  Penn 
Hotel,  Tuesday,  February  14th  at  8:20  P.  M.  Chairman  Louis  P.  Blum 
presiding,  94  members  and  visitors  being  present. 

The  Minutes  of  the  Last  Annual  Meeting  were  read  and  approved. 

The  Annual  Report  of  the  Section  was  read  by  the  Secretary. 

The  report  of  the  Nominating  Committee  was  read  by  Mr.  E.  V. 
Braden,  Chairman,  as  follows. 


Officers  and  Members  of  the  Civil  Section 


Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs : 

Your  Nominating  Committee  has  appointed  the  following  nominees 
for  the  several  officers  of  the  Section  for  the  ensuing  year. 

Reppert,  C.  M..  Chairman. 

Thayer,  H.  R.,  Vice  Chairman. 

Chalfant,  F.  B. 

Ludgate.  B.  A. 

Smith,  N.  G.  Directors 

Buente,  C.  F. 

Rice,  J.  M. 


Respectfully  submitted, 


E.  V.  Braden,  Chairman , 
C.  A.  Martin, 

P.  W.  Price, 

Tellers. 


On  motion  the  nominations  were  closed  and  the  Secretary  instructed 
to  cast  a  unanimous  ballot  in  favor  of  the  officers  named  and  they  were, 
therefore,  declared  elected. 

There  being  no  further  business,  the  meeting  adjourned  and  the  regular 
bi-monthly  meeting  was  called  to  order  by  Chairman  elect  C.  M.  Reppert. 
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There  being  no  further  business,  the  paper  of  the  evening  on  Continuous- 
Traffic  Lift  Bridges  was  presented  by  A.  A.  Henderson,  Assistant  Engineer, 
Allegheny  County,  Pittsburgh,  Pa. 

Written  discussion  was  received  from :  C.  M.  Reppert,  Chf.  Engr., 
Bureau  of  Engineering,  City  of  Pittsburgh;  Richard  Khuen,  General 
Manager  Erection,  American  Bridge  Co.;  J.  F.  Bell,  Major,  Corps  of 
Engineers,  U.  S.  Engineer  Office. 

The  ensuing  discussion  was  participated  in  by :  E.  K.  Morse,  Engr., 
private  practice,  Pittsburgh,  Pa.;  Hon.  William  A.  Magee,  Mayor,  City  of 
Pittsburgh;  C.  A.  Finley,  Director,  Dept.  Public  Works,  City  of  Pitts¬ 
burgh  ;  A.  R.  Raymer,  Chf.  Engr.,  P.  &  L.  E.  R.  R.  Co.,  Pittsburgh,  Pa. ; 
H.  R.  Thayer,  Markhart  Thayer  Engrg,  Co.;  H.  D.  James,  Mgr.,  Control 
Engineering  Dept.,  Westinghouse  Elec.  &  M  fg.  Co.  East  Pittsburgh,  Pa. ; 
J.  P.  Leaf,  City  Engr.  Beaver  Falls,  Pa.;  Winters  Haydock,  Chf.  Engr., 
Citizens’  Committee  on  City  Plan  of  Pittsburgh ;  Louis  P.  Blum,  Blum 
Weldin  &  Co.;  F.  L.  Egan,  Marine  Engr.,  Vesta  Coal  Co.;  and  the  author. 

On  motion  the  meeting  adjourned  at  11  : 12  P.  M. 

K.  F.  Treschow,  Secretary. 

REGULAR  MONTHLY  MEETING. 

The  401st  regular  monthly  meeting  of  the  Engineers’  Society  of  West¬ 
ern  Pennsylvania  was  held  in  the  Georgian  Room,  William  Penn  Hotel. 
Tuesday,  Feb.  21st,  at  8:09  P.  M.,  President  H.  D.  James  presiding,  16 
members  and  visitors  being  present. 

1.  The  Minutes  of  the  last  regular  monthly  meeting  held  December 
20th,  where  read  and  approved. 

2.  The  Board  of  Direction  reported  the  election  of  four  applicants  to 
the  grade  of  Member  and  one  to  the  grade  of  Associate  Member;  the 
receipt  of  nine  applications  for  membership  and  the  transfer  to  higher 
grade  of  one  member.  Eleven  resignations  were  received  and  accepted 
and  three  deaths  were  reported. 

No  further  business  coming  before  the  Society,  the  paper  of  the  even¬ 
ing  was  presented  by  Mr.  E.  Atkins  Starks,  General  Sales  Manager,  Durabla 
Manufacturing  Co.,  New  York,  N.  Y.  on  “Human  Contact  Point  in 
Engineering.” 

The  address  was  followed  by  a  general  discussion. 

On  motion  the  meeting  adjourned  at  9:45  P.  M. 

K.  F.  Treschow,  Secretary. 


PRACTISING  ENGINEERS’  SECTION. 


The  regular  monthly  meeting  of  the  Practising  Engineers’  Section  of 
the  Engineers’  Society  of  Western  Pennsylvania  was  held  in  Parlors  “E” 
and  “F”  of  the  William  Penn  Hotel,  Monday  evening,  Feb.  27th.  at  8:00 
P.  M.,  Chairman  C.  E.  Long  presiding,  fifteen  members  being  present. 

Minutes  of  the  last  meeting  held  Nov.  30th,  were  read  and  approved. 
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Xo  further  business  coming  before  the  Section,  the  meeting  adjourned 
at  9:00  P.  M.  and  the  Annual  Meeting  of  the  Section  was  called  to  order. 

The  Chairman  called  for  the  report  of  the  Nominating  Committee, 
which  was  presented  by  Mr.  J.  M.  Rice  as  follows: 

Officers  and  Members  Practising  Engineers’  Section 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs : 

Your  Committee  to  report  on  nomination  of  officers  for  the  Section 
reports  the  following: 


Ross,  F.  G.,  Chairman. 

Martin,  P.  H.,  Vice  Chairman. 

Harrop,  H.  S. 

Long.  C.  E. 

Jacobs,  N.  B. 

Rankin,  H«  H. 

Bayne,  R.  C.  J 


•  Directors. 


Respectfully  submitted, 

F.  M.  Cooper, 

J.  M.  Rice, 

W.  M.  Judd, 
Tellers. 


It  was  moved  and  carried  that  the  nominations  be  closed  and  the 
Secretary  requested  to  cast  a  unanimous  ballot  for  the  officers  named  who 
were  thereupon  declare  delected. 

Chairman  elect  F.  G.  Ross  then  assumed  the  chair. 

It  was  moved  and  carried  that  the  rates  adopted  by  the  Section  at 
the  Nov.  30th  meeting  go  into  effect  April  1st,  1922. 

The  question  of  meetings  was  brought  up  and  discussed  generally  and 
it  was  moved  and  carried  that  the  Section  meet  bi-monthly  in  the  future 
beginning  with  the  month  of  September  and  alternating  throughout  the 
year.  The  day  for  the  meeting  was  not  set  and  there  seemed  to  be  a 
diversity  of  opinion  as  to  the  most  suitable  night  and  it  was  moved  and 
carried  that  the  Secretary  be  instructed  to  send  out  a  letter  ballot  sug¬ 
gesting  the  second  Tuesday  and  if  this  proved  acceptable  to  the  member¬ 
ship  that  this  night  be  adopted. 

The  question  of  territory  to  come  under  the  jurisdiction  of  the  rates 
adopted  was  brought  up  and  discussed  and  the  matter  referred  to  the  Ex¬ 
ecutive  Committee  with  the  request  that  they  define  the  territory  in  which 
these  rates  are  applicable. 

The  meeting  adjourned  at  9  :45  P.  M. 

K.  F.  Treschow,  Secretory. 


STEEL  WORKS  SECTION. 

The  Annual  Meeting  of  the  Steel  Works  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William 
Penn  Hotel,  Tuesday  evening,  Feb.  28th,  at  8:23  P.  M.  Chairman  T.  P. 
Davis  presiding,  89  members  and  visitors  Ix'ing  present. 
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The  Minutes  of  the  organization  meeting  of  the  Section  held  Feb.  28, 
1921  were  read  and  approved. 

The  Annual  report  of  the  Section  was  read  by  the  Secretary. 

The  report  of  the  Nominating  Committee  was  read  by  Chairman 
Sydney  Dillon  : 


To  Officers  and  Members  Steel  Works  Section 

Engineers'  Society  of  Western  Pennsylvania. 

Dear  Sirs  : 

Your  Nominating  Committee  to  nominate  officers  for  the  year  l.eg 
to  report  the  following : 

Kneass,  Strickland  Jr.,  Chairman. 

Goodspeed,  G.  M.,  Vice  Chairman. 

Backlin,  A.  F.  ] 

Bradshaw,  G.  D. 

McKnight,  Chas.  Jr.  \  Directors. 

McLaughlin,  T.  J. 

Shover,  Barton  R. 

Respectfully  submitted. 

Sydney  Dillon.  Chairman, 

W.  C.  Buell,  Jr. 

W.  C.  Rott, 

Tellers. 

It  was  moved  and  carried  that  the  nominations  be  closed  and  the 
Secretary  be  requested  to  cast  a  unanimous  ballot  for  the  officers  named, 
who  were  thereupon  declared  elected. 

There  being  no  further  business,  the  paper  of  the  evening  was  pre¬ 
sented  by  Dr.  C.  M.  Johnson,  Director  of  Research  and  Chief  Chemist. 
Park  Works.  Crucible  Steel  Co.  of  America.  Pittsburgh,  Pa.  on  “Stain¬ 
less  Steels’’. 

The  ensuing  discussion  was  participated  in  by :  Harry  C.  Brearley, 
Metallurgist.  Sheffield.  England ;  B.  M.  Herr.  Dist.  Sales  Mgr..  Edward 
Valve  &  Mfg.  Co.^  Pittsburgh,  Pa.;  A.  E.  Blake.  Pgh.  Representative.  U. 
G.  I.  Contracting  Co..  Pittsburgh,  Pa.;  W.  M.  Austin.  Elec.  Engr.,  West- 
inghouse  Elec.  &  Mfg.  Co..  East  Pittsburgh,  Pa;  and  the  author. 

On  motion  the  meeting  adjourned  at  10:20  P.  M. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION. 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  "A”.  Wil¬ 
liam  Penn  Hotel,  Tuesday,  March  21st,  at  4:40  P.  M.  President  H.  D. 
James  presiding.  Messrs.  Knowles.  Crabtree,  Fohl,  Hunter,  Hildner, 
Terry,  Hobbs,  Weldin.  Ross,  Hawley,  and  the  Secretary  being  present. 

The  Minutes  of  the  last  regular  meeting  held  Feb.  2nd.  were  read  and 
approved. 

Applications  for  membership  from  the  following  gentlemen,  having 
been  published  to  the  Society,  pursuant  to  the  action  of  the  Board,  were 
elected  to  membership. 


MEMBERS 

Carpenter,  Charles  A. 
Carter,  Emmett  Browning 
Dunnells,  Clifford  G. 
Peale,  Rembrandt 
Law,  Stanley  Overbolt 

ASSOCIATE  MEMBERS 

Berggrecn,  Paul  Harold 
Peters,  Elleworth  E. 
Stripe,  William  Carl 


JUNIORS 

McEwen,  J.  D. 

Stotz,  Edward,  Jr. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  as  follows. 

It  was  moved  and  carried  that  the  names  be  published  under  the 
grades  recommended  by  the  Committee. 

MEMBERS 

Dawson,  Joseph  R. 

Fechheimer,  Carl  J. 

Geeseman,  Delbert  B. 

Jump.  Edmund  Percival 
McMillin,  Oliver  B. 

White,  Charles  M. 

JUNIORS 

Haines,  Elmer  B. 

Lappin,  Joseph 
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Letter  was  received  from  Mr.  Frank  C.  Schroeder  for  transfer  to  higher 
grade  and  after  discussion  the  Secretary  was  requested  to  write  him 
advising  him  of  his  transfer  to  the  grade  of  Member. 

Letters  of  resignation  were  received  from  the  following  gentlemen 
and  it  was  recommended  by  the  Meml)ership  Committee  that  they  he  ac¬ 
cepted.  It  was  moved  and  carried  that  the  recommendation  of  the  Com¬ 
mittee  he  approved. 

A.  H.  Anthony 

I.  C.  Bland 

W.  P.  Flint 

S.  G.  Haas 

S.  S.  Hammel 

C.  B.  Pyle 

J.  Stewart 

The  reports  of  the  Secretary  showing  the  financial  condition  of  the 
Society  Jan.  31st  and  February  28th.  having  been  previously  audited  by 
the  Finance  Committee,  were  approved. 


The  Secretary  reported  verbally  on  behalf  of  the  Entertainment  Com¬ 
mittee  stating  that  the  attendance  at  the  Inspection  Trip  last  Saturday  wa> 
85  and  had  proved  most  interesting!  and  instructive  to  those  attending. 
Other  trips  are  being  arranged  and  the  Committee  hopes  to  make  definite 
announcement  of  dates  in  the  near  future. 


Mr.  Fold.  Chairman  of  the  House  Committee  reported  an  evening  at¬ 
tendance  in  the  Society  Rooms  of  93  for  the  month  of  February. 


Two  additional  hat  racks  were  purchased,  as  owing  to  the  increased 
use  of  the  Club  Rooms,  we  did  not  have  sufficient  facilities  for  taking 
care  of  the  coats  and  hats. 


Mr.  Hunter,  Chairman  of  the  Membership  Committee  reported  that  the 
Committee  had  held  one  meeting  during  the  past  month  to  consider  the 
applications  for  membership  in  accordance  with  the  request  of  the  Board 
at  its  last  meeting,  also  resignations  received. 


The  Committee  also  took  up  the  matter  of  increasing  our  membership 
and  various  plans  were  discussed.  However,  it  was  the  consensus  of 
opinion  among  those  present  that  due  to  the  present  business  depression 
it  would  be  better  to  wait  until  Fall  before  starting  an  active  campaign. 
It  was  thought  better  results  could  be  obtained  by  personal  work  on  the 
part  of  not  only  the  committee  and  Board  of  Direction,  but  also  the 
membership  at  large,  until  that  time.  It  was  further  decided  to  recom¬ 
mend  to  the  Board  that  the  entrance  fee  of  the  four  National  Societies 
be  remitted  and  their  applications  received  without  filling  out  the  usual  form 
as  was  done  a  year  or  so  ago.  This  would  encourage  members  of  the 
National  Societies  to  become  members  of  our  Society  and  was  especially 
appropriate  at  this  time  due  to  business  depression. 
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It  was  moved  and  carried  that  the  recommendations  of  the  Com¬ 
mittee  be  approved  and  that  entrance  feefc  l>e  remitted  for  members  ot 
the  National  Societies  making  application  at  the  last  meeting  of  the  Board, 
to  be  effective  during  the  life  of  this  Board,  namely  February  1922  to 
January  1923. 

Prof.  Crabtree,  Chairman  of  the  Publication  Committee  rej>ortcd 
verbally  stating  that  the  Committee  was  considering  the  matter  of  plac¬ 
ing  the  printing  contract  for  the  coming  year  and  hoped  to  Ik*  able 
to  close  at  a  price  which  would  mean  a  material  saving  to  the  Society. 
The  Committee  is  also  considering  calling  a  meeting  to  l>e  held  under 
the  auspices  of  the  Associated  Engineering  Societies  of  Pittsburgh  at 
which  Mayor  Magee  would  address  the  Society  on  civic  matters  of 
interest  to  the  engineering  profession. 

'  Mr.  Hawley.  Chairman  of  the  Finance  Committee  presented  the  fol¬ 
lowing  report. 

For  the  past  two  years  the  finances  of  our  Society  have  not  been  in 
satisfactory  condition.  This  fact  has  been  realized  by  the  Board  of 
Direction  and  it  was  felt  that  it  was  caused  by  the  increased  costs  »  f 
supplies,  etc.  due  to  the  war,  particularly  the  increased  prices  for  print¬ 
ing.  The  matter  was  referred  to  the  Finance  and  House  Committees  and 
considered  jointly  by  them  during  the  past  year,  and  the  work  of  that 
Committee,  particularly  the  tabulation  of  receipts  and  expenses  has  lxen 
of  much  assistance  to  the  present  committee. 


At  the  beginning  of  the  present  year  the  Society  was  indebted  to  its 
permanent  fund  for  $2400  which  has  been  borrowed  from  that  fund  in 
order  to  pay  for  the  rugs  purchased  about  two  years  ago  and  to  meet 
current  expenses  There  was  also  $250  of  entrance  fees  and  $900  of 
life  memberships  owed  to  the  permanent  fund,  making  a  total  of  $3500. 
In  addition  to  this,  bills  for  the  year  1921  were  carried  over  unpaid 
amounting  to  $2500  and  this  does  not  include  the  cost  of  publishing  the 
proceedings  for  the  latter  part  of  1921,  which  had  been  delayed  on  ac¬ 
count  of  the  inability  of  the  printer  to  get  them  out.  This  will  amount 
to  about  $1600  or  $1700.  but  will  be  offset  to  a  certain  extent  by  that  part 
of  the  proceedings  of  1922  which  will  remain  unpublished  on  Jan.  1.  1923. 


The  figures  prepared  by  the  Finance  and  House  Committees  last 
year  were  used  as  a  basis  for  a  tabulation  and  figures  added  to  bring  the 
table  down  to  date.  Copy  of  this  table  accompanies  this  report.  A 
comparison  of  the  receipts  as  shown  in  column  E  of  this  table,  which 
receipts  do  not  include  Banquet  Receipts  nor  Entrance  Fees,  with  the  ex¬ 
penses  shown  in  Column  Q.  show  at  once  that  when  the  banquet  receipts 
and  entrance  fees  are  not  included  the  Society  has  met  with  a  loss  in 
ten  out  of  fourteen  years  from  1908  to  1921  inclusive ;  that  this  loss  has 
ranged  from  $56  in  1911  to  $2315  in  1921;  and  this  latter  figure  does  not 
include  the  unpaid  bills  on  January  1,  1922.  Column  F  and  R  show  the 
total  receipts  and  expenses  respectively  per  member  for  the  various  years, 
and  Column  T  shows  the  gain  or  loss  per  member.  A  further  study  was 
made  by  adding  the  profit  or  loss  from  banquet  as  shown  in  column  l' 
to  the  figures  in  column  S.  These  totals  are  shown  in  column  A  A  column 
BB  given  the  same  results  per  member. 
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From  the  above  it  seems  evident  that  we  have  been  deceiving  our¬ 
selves  as  to  the  relation  of  receipts  and  expenses  and  the  financial  con¬ 
dition  of  the  Society  including  the  receipts  from  entrance  fees,  which 
receipts  cannot  be  used  for  current  expenses,  but  under  Section  7,  of 
Article  4  of  our  By  Laws,  must  be  placed  in  the  permanent  fund,  only 
the  income  from  which  is  used  for  general  expenses. 

The  condition  which  we  have  pointed  out  above  demands  the  im¬ 
mediate  attention  of  the  Board.  The  remedy  is  either  an  increase  in 
revenue  or  a  reduction  in  expenses.  The  only  manner  in  which  our 
revenue  can  be  materially  increased  is  either  by  increasing  the  dues  or 
increasing  the  number  of  members  of  the  Society.  Your  Committee  has 
given  careful  attention  to  this  matter  of  an  increase  in  dues  and  is  of 
the  opinion  that  an  increase  at  this  time  is  not  wise.  Furthermore,  such 
an  increase  could  not  become  effective  before  Jan.  1,  1923.  It  does  be¬ 
lieve,  however,  that  if  a  sincere  effort  to  increase  the  membership  is 
made,  in  which  the  Board  could  secure  the  active  co-operation  of  the 
membership,  it  would  be  possible  to  materially  increase  the  number  of 
members  within  the  next  two  years. 

In  making  this  rather  lengthy  report  your  Committee  has  endeavored 
to  present  to  the  Board  as  briefly  as  possible  the  pertinent  facts  as  to 
the  Society’s  finances.  While  the  condition  is  unfortunate,  it  is  not 
serious.  We  hope  that  the  members  of  the  Board  will  give  the  matter 
careful  consideration  and  give  the  Finance  Committee  the  advantage  of 
any  suggestions  which  will  be  helpful. 

On  motion  the  meeting  adjourned  at  5:45  P.  M. 


K.  F.  Treschow,  Secretary. 
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JOINT  MEETING  CIVIL  SECTION  AND  PRACTISING 

ENGINEERS’  SECTION. 

The  regular  bi-monthly  meeting  of  the  C  ivil  Section  and  the  Practising 
Engineers’  Section  was  held  in  the  Blue  Room,  W  illiam  Penn  Hotel, 
Tuesday  March  14th  at  8:20  P.  M.,  Chairman  C.  M.  Reppert  presiding, 
96  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting  of  the  Civil  Section  held  Feb.  14th 
were  read  and  approved. 

Mr.  Reppert  then  introduced  Mr.  F.  G.  Ross,  Chairman  of  the 
Practising  Engineers’  Section  who  then  took  charge  of  the  meeting. 

Xo  further  business  coming  before  the  Sections,  Mr.  R.  L.  Hum¬ 
phrey,  Chairman  of  the  Board  for  the  Registration  of  Professional  En¬ 
gineers  and  Land  Surveyors,  addressed  the  Sections  on  the  subject  of 
Registration  of  Engineers  and  Land  Surveyors. 

The  ensuing  discussion  was  participated  in  by:  J.  X.  Chester,  Cons. 
Engr.,  John  N.  Chester,  Engineers;  G.  W.  Case,  Professor,  Sanitary 
Engineering  University  of  Pittsburgh;  A.  E.  Duckham,  Consulting  Civil 
Engineer;  J.  B.  Crane,  Engr.,  George  T.  Ladd  Co.;  J.  Bradley  Mande- 
ville,  Chf.  Engr,  T.  W.  Phillips  Gas  &  Oil  Co.,  Butler,  Pa.;  J.  P.  Leaf, 
City  Engr.,  Beaver  Falls,  Pa. ;  A.  E.  Blake,  Pgh.  Representative,  U.  G.  I. 
Contracting  Co.;  A.  R.  Raymer,  Chf.  Engr.,  P.  &  L.  E.  R.  R.  Co.; 
Edward  Godfrey.  Struct.  Engr.,  Robert  W.  Hunt  &  Co.;  \Y.  C.  Hawley, 
Chf.  Engr.  &  Gen.  'Supt.,  Pennsylvania  Water  Co. ;  F.  G.  Ross,  Civil 
Engineer,  Pittsburgh,  Pa.;  Samuel  E.  Duff,  Consulting  Civil  Engineer; 
P.  W.  Price,  Asst.  Engr.,  Allegheny  County  Engineer’s  Office ;  E.  J. 
Iiams,  Civil  Engineer,  Donora,  Pa.;  S.  D.  Foster,  Consulting  Highway 
Engineer  and  the  author. 

On  Motion,  duly  seconded  and-  carried,  a  vote  of  thanks  was  ex¬ 
tended  to  Mr.  Humphrey  for  coming  to  Pittsburgh  on  this  occasion. 

The  meeting  adjourned  at  10:01  P.  M. 

K.  F.  Trksciiow,  Secretary. 


REGULAR  MONTHLY  MEETING. 

The  402nd  regular  monthly  meeting  of  the  Engineers’  Society  of 
W'estern  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel, 
Tuesday,  March  21st,  at  8:00  P.  M„  President  H.  D.  James  presiding, 
86  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  Feb.  21st,  were  read 
and  approved. 
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The  Board  of  Direction  reported  the  election  of  five  applicants  to  the 
grade  of  Member,  three  to  the  grade  of  Associate  Member  and  two  to  the 
grade  of  Junior,  and  „  the  receipt  of  eight  applications  for  membership. 
Transfer  to  higher  grade  of  one  member  and  the  receipt  of  fifteen  resig¬ 
nations,  seven  of  which  were  accepted. 

No  further  business  coming  before  the  Society,  the  papers  of  the 
evening — The  Appraisal  of  Oil  and  Gas  Properties  by  Roswell  H.  John¬ 
son,  Johnson,  Huntley  &  Sommers,  Pittsburgh,  Pa.,  and  Application  of 
Appraisal  Methods  to  Rate  Making,  Federal  Taxation  and  Commercial 
Purposes  by  Paul  Ruedemann,  Geologist  and  Appraiser,  Johnson,  Huntley 
&  Sommers,  were  presented. 

The  ensuing  discussion  was  participated  in  by  :  M.  R.  Scharrff,  Asst. 
Chf.  Engr.,  Morris  Knowles  Inc.;  H.  D.  James,  Mgr.,  Control  Engineer¬ 
ing  Dept..  Westinghouse  Elec.  &  Mfg.  Co.;  \V.  A.  Weldin,  Blum-Weldin 
&  Co.;  Winters  Haydock,  Engr.,  Citizens’  Committee  on  City'  Plan  of 
Pittsburgh ;  F.  A.  Simmons,  Asst.  Professor,  Civil  Engineering,  Car¬ 
negie  Inst,  of  Technology;  and  the  authors. 

On  motion,  duly  seconded  and  carried  a  vote  of  thanks  was  ex¬ 
tended  to  Mr.  Johnson  and  Mr.  Ruedemann  for  their  very  excellent 
papers. 

The  meeting  adjourned  at  10:00  P.  M. 

K.  F.  Trf.schow,  Secretary. 


MINING  SECTION. 

The  regular  bi-monthly  meeting  of  the  Mining  Section  was  held  in 
the  Blue  Room,  William  Penn  Hotel.  Tuesday.  March  28th,  at  8:15  P.  M. 
Chairman  W.  A.  Weldin  presiding,  90  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  Jan.  31,  1922  were  read 
and  approved. 

Xo  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  The  Use  of  Cement  and  Concrete  in  Underground  Workings 
was  presented  by  Mr.  Robert  Linton,  Mining  Engineer,  New  York,  X.  Y. 

The  ensuing  discussion  was  participated  in  by :  H.  X.  Eavenson, 
Cons.  Mining  Engr.,  Howard  X.  Eavenson  &  Associates;  Graham  Bright, 
Gen.  Engr.,  Westinghouse  Elec.  &  Mfg.  Co. ;  A.  J.  White,  Mgr.,  Cement 
Gun  Construction  Co. ;  G.  E.  Flanagan,  Mech.  Engr.,  Heyl  &  Patterson, 
Inc.;  J.  R.  Elliott,  Baton  &  Elliott;  J.  W.  Paul,  Chief  Coal  Mining  Investi¬ 
gations,  U.  S.  Bureau  of  Mines;  S.  L.  Goodale.  Professor  of  Metallurgy, 
University  of  Pittsburgh;  F.  A.  McDonald,  Chf.  Engr.  &  Gen.  Supt., 
National  Mining  Co.,  Morgan,  Allegheny  Co.,  Pa. ;  W.  A.  Weldin,  Blum- 
Weldin  &  Co.;  Frederic  Crabtree,  Professor  Alining  &  Aletallurgy,  Car¬ 
negie  Inst,  of  Technolog}' ;  Edward  Steidle,  Assoc.  Professor,  Mining 
Engineering,  Carnegie  Inst,  of  Technology;  and  the  author. 

Oh  motion  the  meeting  adjourned  at  10:35  P.  AI. 

K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  “A”,  Wil¬ 
liam  Penn  Hotel,  Tuesday,  April  18th  at  4:40  P.  M.,  President  H.  D. 
James  presiding,  Messrs.  Crabtree,  Hildner,  Fohl,  Hunter,  Hobbs,  Moore, 
Weldin,  Danforth  and  the  Secretary  being  present. 

The  Minutes  of  the  last  regular  meeting  held  March  21st.  were  read 
and  approved. 

Applications  for  membership  from  the  following  gentlemen  having 
been  published  to  the  Society,  pursuant  to  the  approval  of  the  recom¬ 
mendations  made  by  the  Membership  Committee  were  elected  to  member¬ 
ship. 

MEMBERS 

Dawson,  Joseph  R. 

Fechheimer,  Carl  J. 

Geeseman.  Delbert  B. 

Jump.  Edmund  Percival 
McMillin,  Oliver  B. 

White,  Charles  M. 

JUNIORS 

Haines,  Elmer  B. 

Lappin.  Joseph 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  as  follows : 

MEMBERS 

Bigelow,  C.  G. 

Gibson,  Merl  David 
Goeddel.  William  Adolph 
Hanlon.  Charles  C. 

Henrici.  Frederick  Wm. 

Johns,  Alexander  Watson 
Kendall.  Yerner  V. 

Mali,  F.  F. 

Morton.  William  Alfred 
McGarvev.  Albert  Gay  ton 
Reich.  P.  T. 

Rust.  Stirling  M. 

ASSOCIATE  MEMBERS 

Sanville.  Wralter  F. 

Schein.  Nathan 

ASSOCIATES 

Hersperger.  Wade  Wilson 
Shriner,  E.  C. 

JUNIOR 
Shaw,  C.  H. 
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Applications  were  received  from  the  following  gentlemen  asking  to 
be  transferred  to  higher  grade  and  upon  recommendation  of  the  Member¬ 
ship  Committee,  they  were  transferred  to  the  grade  of  Members. 

Fatkin,  Edward,  Shockey 
Van  Deventer,  Frank  M. 

The  Secretary  presented  a  letter  from  Mr.  J.  H.  Smith  requesting  that 
he  be  reinstated  to  membership.  After  discussion  it  was  moved  and  carried 
that  Mr.  Smith  be  reinstated  to  membership  and  that  the  Secretary  advise 
him  to  that  effect. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  March  31st,  having  been  previously  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Secretary  reported  verbally  on  behalf  of  the  Entertainment  Com¬ 
mittee  that  they  had  under  consideration  a  meeting  to  be  called  by  the 
Associated  Engineering  Societies  of  Pittsburgh  at  which  Mayor  Magee 
is  to  present  an  address  and  May  11th  has  been  set  as  the  date  of  this 
meeting. 

The  Committee  has  also  under  consideration  the  question  of  Enter¬ 
tainment  of  the  American  Council  during  their  meeting  in  Pittsburgh,  May 
26th  and  27th. 

Several  inspection  trips  are  being  planned,  definite  announcement  of 
which  will  be  made  later. 

Mr.  Fohl,  Chairman  of  the  House  Committee  reported  an  evening  at¬ 
tendance  of  113  for  the  month  of  March. 

The  Committee  is  planning  a  Chess  Tournament  within  the  next  four 
or  five  weeks  and  advance  announcement  has  already  been  made  in  the 
Society  Notes  and  several  entries  have  been  received. 

The  attendance  at  our  Noon-Dav  Luncheon  has  been  increasing  each 
week  and  we  are  averaging  30  to  35  a  day. 

Mr.  Hunter.  Chairman  of  the  Membership  Committee  stated  that  one 
meeting  of  the  Committee  has  been  held  to  consider  the  applications  for 
membership  and  to  assign  them  to  the  various  grades  of  membership. 

The  question  of  ways  and  means  of  increasing  the  membership  was 
discussed  and  it  was  suggested  that  the  Committee  get  up  a  list  of  names 
for  approval  of  the  Board  to  send  engraved  invitations  and  it  was  moved 
and  carried  that  members  send  in  the  list  to  the  Secretary  before  the 
Board  meeting. 

The  Secretary  was  requested  to  mail  both  invitation  and  acceptance 
cards  to  members  with  the  names  of  those  who  had  not  accepted  our 
first  invitation  to  join,  the  members  to  see  the  men  to  whom  they  were 
assigned  and  try  to  obtain  their  acceptance. 

No  active  campaign  for  membership  will  be  started  until  Fall. 

Mr.  Crabtree,  Chairman  of  the  Publication  Committee  reported  verbally 
on  behalf  of  the  Publication  Committee  stating  that  the  Committee  had 
held  a  meeting  this  month  at  which  preliminary  steps  were  taken  toward 
making  up  the  program  for  the  1922-23  Season  and  the  Committee  hoped 
to  have  the  program  complete  by  the  latter  part  of  May. 
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The  Secretary  presented  a  letter  from  Penna.  State  College  requesting 
that  we  appoint  delegates  to  attend  the  Election  of  Trustees  to  be  held 

Tuesday,  June  13th. 

After  discussion  the  Secretary  was  requested  to  appoint  two  delegates 
from  the  membership  who  expect  to  attend  the  Commencement  this  year. 

The  Secretary  presented  a  letter  from  Dr.  Thomas  S.  Baker,  Acting 
President,  Carnegie  Institute  of  Technology,  inviting  the  Society  to  ap¬ 
point  delegates  on  the  Two  Conferences  on  Commercial  Engineering  to 
be  held  at  Carnegie  Institute  of  Technology  on  May  1st  and  2nd.  This 
Conference  has  been  called  by  the  United  States  Commission  of  Educa¬ 
tion.  Mr.  James  stated  that  he  had  appointed  Mr.  Morris  Knowles  and 
Mr.  R.  L.  Wilson  to  act  as  delegates,  subject  to  the  approval  of  the  Board. 
It  was  moved  and  carried  that  the  President’s  action  be  approved. 

The  Secretary  presented  a  circular  letter  from  the  Federated  Ameri¬ 
can  Engineering  Societies  asking  our  Society  to  secure  information  from 
the  industries  in  Pittsburgh  District  to  assist  a  special  committee  of  the 
Federated  Societies  who  is  making  a  study  of  non-employment  and  business 

cycles. 

After  discussion,  it  was  moved  and  carried  that  this  letter  be  tabled. 
On  motion  the  meeting  adjourned  at  5 :50  P.  M. 

K.  F.  Treschow,  Secretary. 


MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Georgian  Room. 
William  Penn  Hotel,  Tuesday,  April  11th  at  8:15  P.  M.,  Mr.  F.  M. 
Van  Deventer  presiding  in  the  absence  of  Mr.  Moore,  Chairman,  74  mem¬ 
bers  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  February  7th,  were  read  and 

approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  was  presented  by  Mr.  B.  W.  Kerr.  President,  Railway  \  Indus¬ 
trial  Engineering  Co..  Grecnsburg,  Pa.  on  “The  Engineering  Features  of 
the  Herrington  Rocking  Cableway.” 

Discussion  was  participated  in  by  various  members  and  visitors  at 

the  meeting. 

On  motion  the  meeting  adjourned  at  9:30  P.  M. 


K.  F.  Treschow,  Secretary. 
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JOINT  MEETING 

ENGINEERS’  SOCIETY  OF  WESTERN  PENNSYLVANIA 
AND  PITTSBURGH  CHAPTER 
AMERICAN  SOCIETY  FOR  STEEL  TREATING 

i 

The  403rd  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  connection  with  the  Pittsburgh  Chapter 
of  the  American  Society  for  Steel  Treating,  in  the  Blue  Room,  William 
Penn  Hotel,  Tuesday,  April  18th,  at  8:08  P.  M.  President  presiding,  115 
members  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  March  21st,  were  read  and 
approved. 

The  Board  of  Direction  reported  the  election  of  six  applicants  to  the 
grade  of  Member  and  two  to  the  grade  of  Junior  and  the  receipt  of 
seventeen  applications  for  membership.  Also  the  application  for  trans¬ 
fer  to  higher  grade  of  two  members  and  one  reinstatement. 

There  being  no  further  business  the  paper  of  the  evening  on  “Some 
Applications  of  Electricity  to  the  Reheating  of  Steels”  was  presented  by 
Mr.  E.  F.  Collins,  Consulting  Engineer,  Industrial  Heating  Dept.  General 
Electric  Co.,  Schenectady,  N.  Y. 

Written  discussion  was  participated  in  by:  W.  C.  Buell,  Jr.,  Chf. 
Engr.,  Liquid  Fuel  Dept.,  George  J.  Hagan  Co. 

The  Ensuing  discussion  was  participated  in  by :  George  J.  Hagan, 
George  J.  Hagan  Co. ;  G.  F.  Scott,  Mech.  Engr.,  Westinghouse  Elec.  & 
Mfg.  Co.;  W.  Trinks,  Professor,  Mechanical  Engineering,  Carnegie  In¬ 
stitute  of  Technology;  and  the  author. 

On  motion  the  meeting  adjourned  at  11  :05  P.  M. 

K.  F.  Treschow,  Secretary. 


STEEL  WORKS  SECTION 

The  regular  bi-monthly  meeting  of  the  Steel  Works  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Georgian 
Room,  William  Penn  Hotel,  Tuesday,,  April  25th  at  8:25  P.  M.,  Vice 
Chairman  G  M.  Goodspeed  presiding  in  the  absence  of  the  Chairman,  36 
members  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  February  28th,  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “The  Making  of  Steel  in  India”  was  presented  by  Mr.  Barton 
R.  Shover,  Consulting  Engineer,  Pittsburgh.  Pa. 

The  ensuing  discussion  was  participated  in  by :  F.  F.  Espenschied. 
Pittsburgh  District  Representative.  Commercial  Truck  Co.  of  Philadelphia; 
E.  O.  Mueller,  Mech.  Engr.,  Pittsburgh,  Pa. ;  and  the  author. 

On  motion  the  meeting  adjourned  at  10:04.  P.  M. 


K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  William  Penn 
Hotel,  Parlor  “C”,  Tuesday,  May  16th.  at  4:40  P.  M..  President  Henry  D. 
James  presiding,  Messrs.  Hawley,  Danforth,  Hunter,  Hildner,  Hobhs.  Moore 
and  the  Secretary  being  present. 

The  Minutes  of  the  last  regular  meeting  held  April  18th.  were  read 
and  approved. 

Applications  for  membership  from  the  following  gentlemen,  having 
been  published  to  the  Society,  pursuant  to  the  action  of  the  Board  at  its 
last  meeting,  were  elected  to  membership. 

MEMBERS 

Bigelow,  Charles  G. 

Gibson,  Mcrl  David 
Goeddel,  William  Adolph 
Hanlon.  Charles  C. 

Henrici,  F.  W. 

Johns,  Alexander  Watson 
Kendall,  Yerner  V. 

Mali,  Franklin  Fruit 
Morton.  William  Alfred 
McGarvey.  Albert  Gayton 
Reich.  Philip  J. 

Rust,  Stirling  M. 

ASSOCIATE  MEMBERS 

Sanville,  Walter  F. 

Schein,  Nathan 

ASSOCIATES 

Shriner,  Edw.  C. 

Hersperger  Wade  Wilson 

JUNIOR 
Shaw,  C.  H. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  and  apprpoved  by 
the  Board,  as  follows  : 

MEMBERS 

Armel,  James  Paul 
Chapman,  W.  B. 

Kennedy,  Julian  Jr. 

Lane.  Harold 
Milton.  Alonzo  Loring 
Rice,  Cyrus  Wm. 

Scheib,  Walter  H. 

Yohe,  J.  B. 

JUNIORS 

Kruse,  Alfred  Rudolph 
Leh,  Alden  U. 

Mills,  William  Fleming 
Scott,  J.  Frew 
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Application  was  received  from  Mr.  H.  M.  Logan,  Sr.  asking  to  be 
transferred  to  higher  grade  and  upon  recommendation  of  the  Membership 
Committee,  he  was  transferred  to  the  grade  of  Member. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society,  April  30th,  having  been  previously  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 

The  Entertainment  Committee  reported  a  paid  attendance  of  135  at  the 
Smoker  held  May  11th.  Our  expenses  were  $112.25  and  the  receipts 
$135.00,  leaving  a  net  profit  of  $22.75. 

The  Committee  held  one  meeting  during  the  past  month  at  which  a 
special  committee  to  have  charge  of  the  dinner  May  26th  was  appointed, 
Mr.  G.  D.  Bradshaw  Chairman  with  J.  C.  Hobbs  and  G.  G.  Coolidge.  The 
Sub-committee  held  one  meeting  and  completed  preliminary  arrangements 
for  the  dinner. 

The  Committee  also  published  an  announcement  regarding  social  activi¬ 
ties  of  the  Society  requesting  each  member  to  fill  out  and  return  card 
checking  off  such  activities  in  which  they  were  particularly  interested. 
Up  to  this  time  about  250  replies  have  been  received,  which  will  be  tabulated 
and  a  detailed  report  presented  at  the  next  meeting  of  the  Board,  giving 
those  activities  in  which  it  is  believed  wre  can  successfully  continue. 

Mr.  Hawley,  Chairman  of  the  Finance  Committee  stated  verbally  that 
the  only  work  accomplished  by  the  Committee  during  the  past  month  was 
the  placing  of  estimated  budget  and  the  amounts  spent  to  date  on  the 
finance  statement.  It  will  be  noted  that  our  expenditures  under  office  and 
miscellaneous  are  about  $400.00  in  excess  of  the  estimated  budget,  but  this 
is  accounted  for  by  our  moving  and  the  audit  of  the  accounts  of  the  Society 
for  the  past  eighteen  months. 

The  House  Committee  reported  an  evening  attendance  of  87  for  the 
month  of  April. 

The  Annual  Chess  Tournament  was  started  Saturday  afternoon  May 
13th  with  18  entries.  Mr.  Stucki  has  offered  a  second  prize  to  be  given 
the  winner  of  a  second  tournament  to  be  played  by  those  who  were  eliminated 
in  the  first  series,  and  as  reported  before  the  Chairman  of  the  House  Com¬ 
mittee  has  offered  a  first  prize  for  the  winner  of  the  main  tournament. 

The  Committee  recently  arranged  with  Mr.  Butler.  Manager  of  the 
Hotel  for  three  electric  fans,  which  has  greatly  improved  the  air  in  our 
room. 

Mr.  Hunter,  Chairman  of  the  Membership  Committee  stated  that  one 
meeting  of  the  Committee  had  been  held  to  consider  the  applications  re¬ 
ceived  and  to  assign  them  to  the  different  grades  of  membership. 

The  question  of  granting  privileges  of  the  Society  to  Army,  Ordnance 
and  Naval  Engineers  in  the  District  was  brought  up  and  discussed  and  it 
was  moved  and  carried  that  the  Committee  recommend  to  the  Board  that 
the  Secretary  be  authorized  to  write  Government  Engineers  extending  to 
them  the  privileges  of  the  Society  and  that  the  Chief  of  Bureaus  in  Wash¬ 
ington  also  be  notified  of  our  action. 

After  discussion  it  was  moved  and  carried  that  the  report  of  the 
Committee  be  approved  in  principle  and  that  the  Committee  be  instructed 
to  go  into  this  matter  further  and  report  back  to  the  Board  as  to  just 
what  men  this  invitation  is  to  be  extended.  It  was  suggested  that  they 
get  in  touch  with  Major  Bell  and  secure  his  suggestions. 

The  Secretary  presented  a  letter  from  the  National  Conference  on 
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City  Planning  suggesting  that  we  appoint  delegates  ^to  attend  the  con¬ 
ference  to  be  held  in  Springfield,  Mass.,  June  5th  to  7th. 

After  discussion  it  was  moved  and  carried  that  the  Secretary  Ik*  in¬ 
structed  to  endeavor  to  find  some  of  our  members  who  are  attending  the 
Conference  and  ask  them  to  represent  the  Society. 

On  motion  the  meeting  adjourned  at  5:30  P.  M. 

K.  F.  Treschow.  Secretary. 


CIVIL  SECTION. 

The  regular  bi-monthly  meeting  of  the  Civil  Section  of  the  Engineers' 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn 
Hotel.  Tuesday,  May  2nd  at  8:13  P.  M.,  Vice  Chairman  H.  R.  Thayer 
presiding  in  the  absence  of  the  Chairman,  105  members  and  visitors  being 
present. 

The  Minutes  of  the  last  regular  meeting  held  March  18th  were  ap¬ 
proved  without  reading. 

No  further  business  coming  before  the  Section,  the  main  paj)er  of  tin- 
evening  was  presented  on  “Water  Front  Improvements  in  the  Down-Town 
District”  was  presented  by  Mr.  E.  K.  Morse,  Consulting  Engineer,  Pitts¬ 
burgh,  Pa. 

The  Chair  called  upon  Mr.  L.  W.  Wallace.  Executive  Secretary  of  the 
Federated  American  Engineering  Societies,  who  was  visiting  the  city  for 
a  short  talk. 

Written  discussion  was  presented  on  the  various  subjects  as  follows  : 
Major  J.  F.  Bell,  Dist.  Engr.,  U.  S.  Engineer  Office,  Pittsburgh.  Pa.;  “The 
Down-Town  Street  System  and  Co-ordination  With  the  Major  Street  Plan”, 
By  Winters  Haydock,  Engr.,  Citizens’  Committee  on  City  Plan  of  Pitts¬ 
burgh:  “Terminal  Facilities”,  E.  Logan  Hill.  Sales  Mgr.,  Heyl  &  Patter¬ 
son.  Inc.,  New  York,  N.  Y. ;  “Sewage  and  Drainage",  By  J.  M.  Rice. 
Civil  &  Sanitary  Engineer,  Pittsburgh ;  “Co-ordination  of  the  General 
Plan”,  By  Frederick  Bigger,  Architect  and  Town  Planner,  Citizens’  Com¬ 
mittee  on  City  Plan  of  Pittsburgh;  “Flood  Prevention  and  River  Hydrau¬ 
lics”,  By  Morris  Knowles,  Consulting  Engineer,  Pittsburgh;  “What  Pitts¬ 
burgh  Needs  in  the  Way  of  Transportation".  By  A.  H.  Burchfield.  l>t 
V.  P.,  Jos.  Horne  Company,  Pittsburgh;  “Illustrative  Example  of  Terminal 
Construction”,  By  Harry  J.  Lewis,  Consulting  Engineer.  Pittsburgh. 

On  motion  the  meeting  adjourned  at  10:55  P.  M. 


K.  F.  Treschow,  Secretary. 
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REGULAR  MONTHLY  MEETING 


The  404th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel, 
Tuesday,  May  16th,  at  8:06  P.  M.  President,  H.  D.  James  presiding,  45 
members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  April  18th  were  read 
and  approved.  *  . 

The  Board  of  Direction  reported  the  election  of  thirteen  applicants 
to  the  grade  of  Member,  two  to  the  grade  of  Associate  Member,  two  to 
the  grade  of  Associate  and  one  to  the  grade  of  Junior  and  the  receipt  of 
twelve  applications  to  membership,  and  transfer  to  higher  grade  of  one 
member. 

There  being  no  further  business  before  the  Society  the  paper  of  the 
evening  on  Aerial  Tramways  was  presented  by  Mr.  F.  C.  Carstarphen 
Tramway  Engineer,  Trenton  Works,  American  Steel  &  Wire  Co.,  Tren¬ 
ton,  N.  J. 

The  ensuing  discussion  was  participated  in  by :  W.  M.  Austin,  Elec. 
Engr.,  Westinghouse  Elec.  &  Mfg.  Co.;  Max  von  Bernewitz,  Mining  &- 
Metallurgical  Engr.,  U.  S.  Bureau  of  Mines ;  A.  E.  Crockett^  Mgr.,  Bureau 
of  Instruction,  Jones  &  Laughlin  Steel  Co.;  G.  E.  Flanagan,  Mech.  Engr., 
Heyl  &  Patterson,  Inc.;  H.  D.  James,  Mgr.,  Control  Engineering  Dept., 
Westinghouse  Elec.  &  Mfg.  Co.;  F.  M.  Van  Deventer,  Engr.,  Power  Depart¬ 
ment,  National  Tube  Co.;  and  the  author. 

On  motion  of  Mr.  Flanagan,  duly  seconded  and  carried,  a  vote  of 
thanks  was  extended  to  Mr.  Carstarphen  for  his  very  interesting  paper. 

On  motion  the  meeting  adjourned  at  10:25  P.  M. 

K.  F.  Treschow,  Secretary. 


MINING  SECTION 

The  regular  bi-monthly  meeting  of  the  Mining  Section  of  the  Engineers 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William 
Penn  Hotel,  Wednesday  May  31st,,  at  8:15  P.  M.  Chairman  W.  A.  Weldin 
presiding,  38  members  and  visitors  being  present. 

The  minutes  of  the  last  regular  meeting  held  March  29th,  were  read 
and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  was  presented  by  Mr.  J.  F.  Joy,  President,  Joy  Machine  Co.,  on 
“Substitution  of  Mechanical  Energy'  for  Human  Energy  in  Underground 
Loading.” 

The  ensuing  discussion  was  participated  in  by:  Julian  Kennedy-,  Cons. 
Engr.,  Pittsburgh,  Pa. ;  E.  H.  Coxe,  Gen.  Mgr,,  Snowdon  Coke  Co.,  Browns¬ 
ville,  Pa.;  W.  A.  Weldin,  Blum-Weldin  &  Co.;  F.  A.  Barry-,  Salesman, 
Westinghouse  Elec.  &  Mfg.  Co.;  H.  N.  Eavenson,  Consulting  Mining  En¬ 
gineer;  N.  F.  Hopkins,  Harrop  &  Hopkins;  Norton  A.  Newdick,  Consult¬ 
ing  Mechanical  Engineer,  Columbus,  Ohio ;  and  the  author. 

There  being  no  further  business,  on  motion  the  meeting  adjourned 
at  9  :47  P.  M. 


K.  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  I^oard  of  Direction  of  the  En¬ 
gineers'  Society  of  Western  Pennsylvania  was  held  in  the  Society  Rooms, 
William  Penn  Hotel,  Parlor  “F”,  Tuesday.  June  20th  at  4:40  P.  M..  Presi¬ 
dent  H.  D.  James  presiding,  Messrs.  Danforth,  Hawley,  Hildner,  Crabtree, 
Moore,  Kneass,  Knowles  and  the  Secretary  lx*ing  present. 

The  Minutes  of  the  last  regular  meeting  held  May  16th  were  read 
and  approved. 

Applications  for  membership  from  the  following  gentlemen,  having 
been  published  to  the  Society  pursuant  to  the  approval  of  the  Board  of  the 
recommendations  made  by  the  Membership  Committee,  were  elected  to 
membership. 

MEMBERS 

Armel,  James  Paul 
Chapman,  W.  B. 

Kennedy,  Julian,  Jr. 

Lane,  Harold 
Milton,  Alonzo  Loring 
Rice,  Cyrus  William 
Scheib,  Walter  H. 

Yohe,  J.  B. 

JUNIORS 

Kruse,  Alfred  Rudoph 
Leh,  Alden  U. 

Mills,  William  Fleming 
Scott,  J.  Frew 

Applications  for  membership,  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  as  follows : 

MEMBERS 

Beech,  Howard  Lindsley 
Croak,  John  J. 

Hartson,  Door  Parmelee 
Hergett,  Harry  Lynn 
Shoffstall,  A.  S. 

Taylor,  Ernest  Succop 
Watt,  Scott  Nevin 

ASSOCIATE 

Troxell,  William  B. 

JUNIORS 

Joos,  Charles  Emil 
DeMay,  John  A. 

Ross,  Theodore  H. 

Applications  for  reinstatement  were  received  from  the  following  gentle¬ 
men  and  upon  recommendation  of  the  Membership  Committee,  they  were 
reinstated  to  membership. 

J.  E.  Babb  B.  L.  Schwartz 

Letters  of  resignation  were  received  from  the  following  gentlemen 
upon  recommendation  of  the  Membership  Committee  were  ordered  ac¬ 
cepted. 

E.  C.  Cook 
G.  R.  Harlow 

G.  A.  Pool 

H.  C.  Witte 
V.  Young 
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The  Secretary  reported  the  death  of  Mr.  J.  S.  Seaman,  who  joined 
the  Society,  October  1898  and  died  June  15.  1921.  It  was  moved  and 
carried  that  Prof.  Crabtree  write  a  memoir  of  Mr.  Seaman. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  May  31st,  having  been  previously  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 


COMMITTEE  REPORTS 

The  Secretary  reported  in  the  absence  of  Mr.  Ladd,  Chairman  of  the 
Entertainment  Committee,  that  there  was  deficit  of  $35.00  in  connection 
with  the  dinner  held  in  honor  of  the  Executive  Board  of  the  Engineering 
Council  on  May  26th. 

The  Committee  has  also  been  endeavoring  to  arrange  some  inspection 
trips,  but  due  to  the  coal  strike  and  unsettled  labor  situation,  the  majority 
of  the  companies  requested  that  we  wait  until  Fall  to  visit  their  plants. 
It  is  hoped  that  several  trips  can  be  arranged  in  the  months  of  September 
and  October.  The  committee  is  also  considering  arrangements  for  a  boat 
excursion  to  be  held  in  September. 

Mr.  Hawley.  Chairman  of  the  Finance  Committee,  reported  verbally, 
calling  attention  to  the  fact  that  we  had  somewhat  exceeded  our  budget,  but 
it  was  hoped  that  during  the  Summer  months  we  would  be  able  to  reduce 
this  amount  to  some  extent.  In  connection  with  report  of  deficit  on  dinner 
held  May  26th,  it  was  suggested  that  the  Finance  Committee  pro-rate  the 
deficit  among  the  organizations  belonging  to  the  Associated  Engineering 
Societies  and  further  that  a  statement  be  sent  them  for  services  rendered 
by  the  Society'  since  the  organization  of  the  Association.  The  Finance 
Committee  was  authorized  to  decide  what  this  amount  should  be. 

The  House  Committee  reported  an  evening  attendance  of  176  for  the 
month  of  May.  In  addition  to  this  the  Secretary  stated  that  the  Annual 
Chess  Tournament  was  about  completed  and  the  attendance  at  our  noon 
day  luncheons  is  still  increasing,  the  highest  being  52. 

Mr.  Hunter,  Chairman  of  the  Membership  Committee,  reported  that 
a  meeting  of  the  Committee  had  been  held  and  applications  received  as¬ 
signed  to  the  various  grades  of  membership,  as  well  as  five  resignations 
acted  upon. 

Prof.  Crabtree,  Chairman  of  the  Publication  Committee  reported  verb¬ 
ally  that  a  meeting  would  be  held  within  the  next  week  or  two,  at  which 
time  it  was  hoped  to  be  able  to  complete  the  program -for  the  ensuing  year. 

In  accordance  with  instructions  from  the  Board  at.  its  last  meeting, 
the  Membership  Committee  took  up  with  Major  Bell  the  question  of  ex¬ 
tending  the  privileges  of  the  Society  membership  to  certain  Army  and 
Naval  Officers  situated  in  the  Pittsburgh  District  with  the  result  that 
Major  Bell  recommended  that  this  invitation  be  extended  to  commissioned 
officers  in  the  United  States  Army,  Navy  and  Marine  Corps  who  are  on 
duty  in  the  Pittsburgh  District  and  doing  engineering  work.  Major  Bell 
stated  that  he  believed  there  were  about  six  such  men  in  Pittsburgh.  After 
discussion  it  was  moved  and  carried  that  all  privileges  of  membership  be 
extended  to  the  officers  in  Pittsburgh  coming  under  Major  Bell’s  recom¬ 
mendation. 
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Mr.  James  brought  up  the  question  of  a  letter  he  had  received  from 
Mr.  Hawley  in  regard  to  the  appointment  rof  an  engineer  on  the  Pennsyl¬ 
vania  State  Public  Service  Commission.  Mr.  Hawley  recommended  that 
this  Society  write  Governor  Elect  Pinchot,  asking  that  he  give  the  engineer¬ 
ing  profession  adequate  representation  on  this  Board.  Further  that  we 
write  the  various  engineering  societies  in  the  State  asking  that  they  take 
similar  action. 

After  discussion  it  was  moved  and  carried  that  the  President  he  au¬ 
thorized  to  get  in  touch  with  the  other  sections  of  the  National  Societies 
belonging  to  the  Associated  Engineering  Societies  of  Pittsburgh  and  secure 
their  approval  of  this  action,  after  which  a  letter  be  sent  as  suggested,  over 
the  signature  of  the  Associated  Engineering  Societies  of  Pittsburgh. 

It  was  further  suggested  that  Mr.  Hawley  dictate  the  letter  to  be  sent 
to  various  organizations. 

On  motion  the  meeting  adjourned  at  5.45  P  M. 

K.  F.  Trf.S'Chow,  Secretary. 

MECHANICAL  SECTION 

The  regular  bi-monthly  meeting  of  the  Mechanical  Section  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Hawaiian  Room. 
William  Penn  Hotel,  Tuesday,  June  6th,  at  8:20  P.  M„  Chairman  W.  E. 
Moore  presiding,  43  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  April  5th.  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the  even¬ 
ing  on  Factors  Affecting  the  Use  of  Ail  in  Oil  Burning  with  Comparison 
of  Cost  was  presented  by  Mr.  W.  C.  Buell,  Jr..  Vice  President.  Buell- 
Scheib-Mueller,  Inc.,  Pittsburgh,  Pa. 

The  ensuing  discussion  was  participated  in  by  :  B.  B.  Weinberg.  Supt. 
Heppenstall  Forge  &  Knife  Co.;  C.  W.  Heppenstall,  Treas.  &  Gen.  Mgr. 
Heppenstall  Forge  &  Knife  Co.;  F.  K.  Howell.  Asst.  Supt.  Compressing 
Stations,  Philadelphia  Company ;  and  the  author. 

There  being  no  further  discussion,  the  meeting  adjourned  at  0 :30 
P.  M. 


K.  F.  Trkschow,  Secretary. 

REGULAR  MONTHLY  MEETING 

The  405th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room  William  Penn  Hotel. 
Tuesday,  June  13th  at  8:15  P.  M.  President  Henry  D.  James  presiding. 
42  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  May  16th  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  twelve  applicants  to 
the  grade  of  Member,  two  to  the  grade  of  Associate  Member,  two  to  the 
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grade  of  Associate  and  one  the  grade  of  Junior,  and  the  receipt  of  twelve 
applications  for  membership,  also  the  transfer  to  higher  grade  of  one 
member. 

No  further  business  coming  before  the  Society,  the  paper  of  the  even¬ 
ing  on  "Recent  Developments  in  Concrete”  was  presented  by  Air.  II.  C. 
Boyden,  Portland  Cement  Association,  Pittsburgh,  Pa. 

The  ensuing  discussion  was  participated  in  by  G.  E.  Flanagan.  Alech. 
Engr.,  Heyl  &  Patterson,  Inc.;  J.  J.  Wilson,  Research  Engr.,  National  Tube 
Co.;  Edward  Godfrey,  Struct.  Engr.,  Robert  W.  Hunt  &  Co.;  W.  T. 
Hurtt,  Alech.  Engr.,  Pittsburgh,  Pa.;  E.  E.  Duff,  Jr.,  Dist.  Engr.  Eastern 
Paving  Brick  Alanufacturers  Assoc.;  C.  N.  Haggart,  Struct.  Engr.,  Pitts¬ 
burgh  ;  and  the  author. 

On  motion  duly  moved  and  seconded,  a  vote  of  thanks  was  extended 
to  Col.  Boyden  for  his  very  interesting  and  instructive  paper. 

On  motion  the  meeting  adjourned  at  10:25  P.  AI. 


K.  F.  Treschow,  Secretary. 

STEEL  WORKS  SECTION 

* 

The  regular  bi-monthly  meeting  of  the  Steel  Works  Section  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room. 
William  Penn  Hotel,  Tuesday,  June  20th,  at  8:15  P.  Al.,  Chairman  Strick¬ 
land  Kneass,  presiding,  43  members  and  visitors  being  present. 

The  minutes  of  the  last  meeting  held  April  25th,  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the  even¬ 
ing  on  “Observations  at  German  Iron  &  Steel  Works  with  Special  Refer¬ 
ence  to  Heat  Economy”  was  presented  by  K.  Huessener,  Alanager,  Ameri¬ 
can  Heat  Economy  Bureau,  Pittsburgh,  Pa. 

Written  discussion  was  presented  by :  A.  E.  Blake,  Pgh.  Representa¬ 
tive  U.  G.  I.  Contracting  Co. 

The  ensuing  discussion  was  participated  in  by:  W.  Trinlcs,  Professor, 
Alechanical  Engineering,  Carnegie  Inst,  of  Technology;  Walter  DeFries, 
Engr.,  Blaw  Knox  Company;  Frederic  Crabtree,  Professor,  Alining  & 
Aletallurgy  Carnegie  Inst,  of  Technology;  T.  W.  Brooke,  Electrical 
Engineer,  Pittsburgh,  Pa. ;  and  the  author. 

On  motion  the  meeting  adjourned  at  10:25  P.  AI. 


K  F.  Treschow,  Secretary. 


BOARD  OF  DIRECTION 

# 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  “A”,  William 
Penn  Hotel,  Tuesday,  Sept.  19th,  at  4:30  P.  M.,  President  Henry  D. 
James  presiding,  Messrs.  Knowles,  Crabtree,  Stucki,  Fold,  Hildner,  Hobbs, 
Hunter,  Hawley,  Dan  forth,  Moore,  Weldin,  Ross  and  the  Secretary  being 
present. 

The  Minutes  of  the  last  meeting  held  June  20th,  were  approved  with¬ 
out  reading. 

Applications  for  membership  from  the  following  gentlemen,  having 
been  published  to  the  Society,  pursuant  to  the  approval  of  the  Board  of 
the  recommendations  made  by  the  Membership  Committee,  were  elected 
to  membership. 

MEMBERS 

Beach,  Howard  Lindslev 
Croak,  John  J. 

Hartson,  Door  Parinelee 
Shoffstall,  A.  S. 

Taylor,  Ernest  Succop 
Watt,  Scott  Nevin 

ASSOCIATE 

Troxell,  William  B. 

JUNIORS 

DeMay,  John  A. 

Joos,  Charles  Emil 
Ross,  Theodore  H. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  as  follows  : 

MEMBERS 

Adams,  Henry  Clay 
Alford,  Newell  Gilder 
tSarnes,  Henry  Proctor 
Fellowes.  Collingwood 
Fuller,  C.  Park 
Linn,  Guy  Fulton 
Rainsford,  Ralph 
Southard,  Claude  Frederick 
Stone,  Edmund  C. 

ASSOCIATE  MEMBERS 

Rogers,  Clarence  B. 

Burrage,  Claude  J. 

ASSOCIATE 

Richard,  L.  Ralph 

JUNIORS 

Sanders,  Elmer  Nason 
Taylor,  Eugene  Avery 
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The  Secretary  reported  the  death  of  the  following  members. 

Follet,  Louis.  Joined  Sept.  1916.  Died  Aug.  17.  1922. 

Chalfant,  J.  G.  Joined  June  1904.  Died  Aug.  26,  1922. 

Snyder,  W.  E.  Joined  Feb.  1899.  Died  June  24,  1922. 

It  was  moved  and  carried  that  Mr.  A.  L.  Hocrr  and  Mr.  L.  F.  W. 
Hildner  be  asked  to  write  a  memoir  of  Mr.  Snyder  and  Mr.  F.  B.  Chal¬ 
fant  and  Mr.  V.  R.  Covell,  one  of  Mr.  J.  G.  Chalfant. 

The  reports  of  the  Secretary  showing  the  financial  condition  of  the 
Society  June  30th,  July  31st,  and  August  31st,  having  been  previously 
audited  by  the  Finance  Committee,  were  approved. 

In  accordance  with  Article  9,  Section  1,  of  the  By-Laws  of  the 
Society,  in  reference  to  amendments,  the  following  resolution  was  pre¬ 
sented  as  follows : 

Resolved :  That  Section  three  (3)  of  Article  four  (IV)  be  amended 
to  read  as  follows  : 


ANNUAL  DUES 


Entrance  Fee 

Resident 

Non-Resident 

Honorarv  Member  . 

.  None 

None 

None 

Member  . 

.  $10.00 

$15.00 

$10.00 

Associate  Member  . 

.  10.00 

15.00 

10.00 

Associate  . 

.  10.00 

12.50 

7.50 

Tunior  . 

.  None 

10.00 

7.50 

Student  Junior  . 

.  None 

3.00 

3.00 

Members.  Associate  Members  and  Juniors  who  are  enrolled  in  more 
than  one  section,  shall  pay  annual  dues  of  $2.50  for  each  additional  section 
in  which  they  are  enrolled. 


May  be  paid  in  equal  amounts  Jan.  1st  and  July  1st. 

J.  C.  Hobbs  W.  C.  Hawley 

W.  E.  Fohl  W.  A.  Weldin 

L.  F.  W.  Hildner  '  J.  A.  Hunter 

F.  G.  Ross  G.  FI.  Danforth 

Morris  Knowles  Fred  Crabtree 

After  a  general  discussion,  it  was  moved  and  carried  that  the  resolu¬ 
tion  be  unanimously  adopted  and  submitted  at  the  regular  meeting  of  the 
Society  to  be  held  this  evening  with  the  statement  that  it  has  been  ap¬ 
proved  by  the  Board. 

Mr.  Knowles.  Chairman  of  the  Civic  Affairs  Committee  reported  that 
a  meeting  had  been  held  on  Sept.  15th  to  consider  and  act  upon  a  letter 
received  from  the  Citizens’  Committee  on  City  Plan  of  Pittsburgh  request¬ 
ing  the  Society  to  endorse  their  action  in  sending  a  letter  to  Council  ask¬ 
ing  that  a  comprehensive  program  on  Playground  Development  be  adopted 
before  any  further  expenditures  be  made.  Inasmuch  as  this  was  a  matter 
of  civic  interest  the  Committee  felt  that  it  should  be  referred  to  the 
Governing  Council  of  the  Associated  Engineering  Societies  of  Pittsburgh 
with  the  recommendation  that  they  approve  the  action  taken  by  the  Citizens’ 
Committee. 
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The  Committee  also  took  up  the  matter  of  a  letter  received  from  the 
Dept,  of  City  Planning  of  the  City  of  Pittsburgh,  asking  the  Society  to 
arrange  for  a  meeting  at  which  a  speaker  from  their  organization  might 
talk  on  the  proposed  Zoning  Ordinance,  which  is  to  he  submitted  to  Council 
in  the  near  future.  The  Committee  also  referred  this  matter  to  the 
Governing  Council  with  the  recommendation  that  the  meeting  lie  held. 

The  Secretary  reported  verbally  on  behalf  of  the  Entertainment 
Committee  stating  that  it  was  the  intention  of  Mr.  Ladd  to  call  a  meeting 
in  the  near  future  in  order  to  make  preliminary  arrangements  for  the 
Annual  Banquet.  The  Committee  also  has  under  consideration  several  in¬ 
spection  trips  and  some  other  form  of  entertainment  during  the  fall  and 
winter  season. 

Mr.  Fohl,  Chairman  of  the  House  Committee,  reported  an  evening 
attendance  of  347  for  the  months  of  June,  July  and  August — 133  in  June. 
116  in  July  and  98  in  August.  Mr.  Fohl  also  stated  that  the  attendance 
in  the  rooms  during  the  day  time  was  increasing  as  well  as  the  attendance 
at  the  noon  luncheons. 

Mr.  Hunter,  Chairman  of  the  Membership  Committee,  reported  that  a 
meeting  of  the  Committee  had  been  held  to  go  over  the  applications  re¬ 
ceived  since  the  last  meeting  of  the  Board  and  make  assignment  to  the 
various  grades  of  membership.  Also  to  act  upon  resignations  received. 

Prof.  Crabtree,  Chairman  of  the  Publication  Committee,  reported  that 
no  meetings  of  the  Committee  had  been  held  during  the  summer,  but  that 
the  program  as  arranged  in  the  Spring  gave  promise  of  being  carried  out 
as  scheduled.  The  Committee  is  also  endeavoring  to  arrange  a  series  of 
meetings  in  regard  to  the  future  of  Pittsburgh,  and  hopes  to  make  definite 
announcement  as  to  speakers,  subjects,  etc.  in  the  near  future. 

The  Secretary  presented  the  following  report  on  behalf  of  the  Medal 
Awards  Committee  : — 

August  14.  1922. 


To  the  Board  of  Direction. 

Engineers’  Society  of  Western  Pennsylvania. 

Dear  Sirs : 

A  meeting  of  the  Medal  Awards  Committee  was  held  in  the  Society 
Rooms,  William  Penn  Hotel.  Monday.  August  Nth,  at  12:15  P.  M.  and  beg 
to  report  that  a  Silver  Medal  was  awarded  to  Mr.  J.  Bradley  Mandeville 
for  his  paper  on  “Aerial  Photography  as  Applied  to  Surveying.” 

Respectfully  submitted. 

L.  F.  Hii.dner,  Chairman 
Frederic  Crabtree 
J.  C.  Hobbs 

Hfcdal  Awards  Committee. 

ft  was  moved  and  carried  that  the  report  of  the  Committee  be  approved. 
On  motion  the  meeting  adjourned  at  5:45  P.  M. 


K.  F.  Treschow,  Secretary. 
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CIVIL  SECTION 

The  regular  bi-monthly  meeting  of  the  Civil  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  W  illiam 
Penn  Hotel,  Tuesday,  Sept.  12th,  at  8 :20  P.  M.  Vice  Chairman  H.  R. 
Thayer  presiding,  38  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  May  2nd,  were  read 
and  approved. 

There  being  no  further  business  before  the  Section,  the  paper  of  the 
evening  on  “Local  Earth  Movements  in  Western  Pennsylvania”  by  Mr. 
Leonard  F.  Bechtel,  Chief  Engineer,  Allegheny  County  Road  Dept.,  Alle¬ 
gheny  County,  was  presented. 

Written  discussion  was  presented  by  H.  R.  Thayer,  Markhart-Thayer 
Engineering  Co. 

The  ensuing  discussion  was  participated  in  by:  Major  J.  Franklin 
Bell,  Dist.  Engr.,  U.  S.  Engineer  Dept.  U.  S.  Government,  Pittsburgh ; 
R.  A.  Cummings,  Consulting  Civil  Engineer ;  V.  R.  Covell,  Deputy 
County  Engr.,  Allegheny  County ;  R.  P.  Forsberg,  Prin.  Asst.  Engr.,  Pitts¬ 
burgh  &  Lake  Erie  R.  R. ;  C.  S.  Palmer,  Cons.  Chemical  Engr.,  Rock  Gas 
Products  Co.,  Neville  Island,  Pa.;  and  the  author. 

It  was  moved  by  Mr.  Cummings  that  a  Committee  be  appointed  for 
the  purpose  of  investigating  slides  and  soils,  the  number  of  the  com¬ 
mittee  and  the  appointment  of  its  members  being  left  to  the  Chairman. 
The  motion  was  seconded  and  carried  and  the  Vice  Chairman  stated  that 
the  matter  of  appointment  of  a  committee  would  be  referred  to  the  Chair¬ 
man  for  action. 

On  motion  the  meeting  adjourned  at  10.04  P.  M. 

K.  F.  Treschow,  Secretary. 

REGULAR  MONTHLY  MEETING 

The  406th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel, 
Tuesday,  Sept.  19th  at  8:05  P.  M.,  President  Henry  D.  James,  presiding. 
185  members  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  June  13th,  were  read  and  ap¬ 
proved. 

The  Board  of  Direction  reported  the  election  of  six  applicants  to  the 
grade  of  Member,  one  to  the  grade  of  Associate  and  three  to  the  grade  of 
Junior  and  the  receipt  of  fourteen  applications  for  membership.  Also 
the  receipt  of  eleven  resignations. 

Mr.  James  appointed  the  following  gentlemen  to  serve  on  the  Nominat¬ 
ing  Committee  to  nominate  officers  for  the  ensuing  year. 

Frederic  Crabtree.  Chairman 
A.  E.  Crockett 
H.  A.  Rapelye 
W.  M.  Hall' 

J.  M.  Graves 
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The  following  resolution,  which  was  adopted  by  the  Hoard  of  Direc¬ 
tion,  was  presented  : 

Resolved:  That  Section  III  Article  I\  of  the  By-Laws,  be  amended 
to  read  as  follows: 

The  Annual  Dues  shall  l>e  payable  on  January  1st,  in  advance.  1  he 
entrance  fee  and  dues  for  the  various  grades  of  membership  in  the  Society 
be  as  follows  : 

ANNUAL  DUES 

Entrance  Fee  Resident  Non-Resident 


Honorary  Members  .  None  None  None 

Member  .  $10.00  $15.00  $10.00 

Associate  Member  .  10.00  15.00  10.00 

Associate  .  10.00  12.50  7.50 

Junior  .  None  10.00  7.50 

Student  Junior  .  None  3.00  3.00 


Members,  Associate  Members  and  Juniors  who  are  enrolled  in  more 
than  one  Section  shall  pay  annual  dues  of  2.50  per  each  additional  section 
in  which  they  are  enrolled. 

May  be  paid  in  equal  amounts  Jan.  1st  and  July  1st. 

Respectfully  submitted, 

J.  C.  Hobbs 
W.  C.  Hawley 
Morris  Knowles 
Frederic  Crabtree 
W.  E.  Foul 
G.  H.  Danfortii 
L.  F.  W.  Hildner 
John  A.  Hunter 
F.  G.  Ross 
W.  A.  Weldin 

Mr.  James,  President,  presented  a  silver  medal  awarded  by  the  Board 
of  Direction  through  its  Medal  Award  Committee,  for  the  best  paper 
presented  the  past  year  to  Mr.  J.  Bradley  Mandeville  for  his  paper,  on 
"Aerial  Photography  as  Applied  to  Surveying.” 

Mr.  Mandeville  addressed  the  Society  as  follows : 

“Mr.  President  and  members  of  the  Engineers’  Society  I  am  not 
going  to  speak  very  long  because  I  have  no  speech  prepared,  but  l  certainly 
\alue  this  medal  very  highly  and  appreciate  the  fact  that  the  Committee 
thought  me  worthy  of  receiving  it.” 

No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  on  “The  Australian  Eclipse  and  the  Einstein  Theory”  was  pre¬ 
sented  by  Dr.  H.  D.  Curtis,  Director,  Allegheny  Observatory,  Pittsburgh, 
Pa.  A  general  discussion  followed  the  presentation  of  the  paper. 

On  motion  the  meeting  adjourned  at  10.00  P.  M. 


K.  F.  Treschow,  Secretary. 
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MINING  SECTION 


The  regular  bi-monthly  meeting  of  the  Mining  Section  of  the  En¬ 
gineers’  Society  of  Western  Pennsylvania  was  held  in  the  Hawaiian  Room. 
William  Penn  Hotel.  Tuesday,  Sept.  26th,  at  8:20  P.  M.,  Chairman  W.  A. 
Weldin  presiding,  61  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  May  31st,  were  read 
and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  was  presented  by  Mr.  R.  W.  McCasland.  General  Superintendent 
of  Mines,  Wheeling  Steel  Corporation,  Wheeling,  W.  Ya.  on  “The  Long- 
wall  System  of  Mining.” 

The  ensuing  discussion  was  participated  in  by  :  X.  G.  Alford,  Howard 
X.  Eavenson  &  Associates ;  A.  O.  Bain,  Coal  Inspector,  Carnegie  Steel  Co., 
Duquesne,  Pa. ;  E.  C.  Hulbert,  Chf.  Engr.,  Crescent-Portland  Cement  Co.. 
Wampum,  Pa.;  J.  W.  Paul.  Mining  Engr.,  U.  S.  Bureau  of  Mines;  W.  A. 
Weldin,  Blum-Weldin,  &  Co.;  G.  B.  Southward  Chf.  Engr.,  W.  Ya. 
Coal  &  Coke  Co.,  Elkine,  W.  Ya. ;  and  the  author. 

Xo  further  business  coming  before  the  Section,  on  motion  the  meet¬ 
ing  adjourned  at  10:05  P.  M. 


K.  F.  Treschow,  Secretary. 
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BOARD  OF  DIRECTION 

The  regular  monthly  meeting  of  the  Board  of  Direction  of  the 
Engineers’  Society  of  Western  Pennsylvania  was  held  in  Parlor  “C’\  Wil¬ 
liam  Penn  Hotel,  Tuesday,  Oct.  17th  at  4:45  P.  M.  President  H.  D. 
James  presiding,  Messrs.  Crabtree,  Fohl,  Hunter,  Hildner,  Terry,  Reppert, 
Weldin  and  the  Secretary  being  present. 

The  Minutes  of  the  last  meeting  held  Sept.  19th,  were  read  and  ap¬ 
proved. 

Applications  for  membership  received  from  the  following  gentlemen, 
having  been  published  to  the  Society,  pursuant  to  the  action  of  the  Board 
of  the  recommendations  made  by  the  Membership  Committee,  were 
elected  to  membership. 


MEMBERS 

Adams,  Henry  Clay 
Alford,  Newell  Gilder 
Barnes,  Henry  Proctor 
Fellowes,  Collingwood 
Fuller,  C.  Park 
Hergett.  Harrv  Lynn 
Linn,  Guy  Fulton 
Rainsford,  Ralph 
Southard,  Claude  Frederick 
Stone,  Edmund  C. 

ASSOCIATE  MEMBERS 

Burrage,  Claude  J. 

Rogers,  Clarence  B. 

ASSOCIATE 

Richard.  L.  Ralph 
Taylor,  Eugene  Avery 

JUNIOR 

Sanders,  Elmer  Nason 

Application  for  transfer  to  higher  grade  was  received  from  Mr.  T. 
H.  Ross  and  after  discussion,  the  Secretary  was  requested  to  advise  him 
that  he  had  been  transferred  to  the  grade  of  Associate  Member. 

Applications  for  membership  were  received  from  the  following 
gentlemen  and  were  graded  by  the  Membership  Committee  as  follows : 

MEMBERS 

Llewellyn,  Lee 
Cosgrove,  William  H. 

Trimble,  Alexander  F. 

Southward,  G.  B. 
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ASSOCIATE  MEMBERS 

Hccker,  Mathias 
Walthour,  James  R. 

JUNIORS 

Bickel,  William  D. 

Nourie,  Leonard  R. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  to  September  30th,  having  been  audited  by  the  Finance  Com¬ 
mittee,  was  approved. 


COMMITTEE  REPORTS 

The  Secretary  reported  verbally  on  behalf  of  the  Entertainment 
Committee  stating  that  one  meeting  had  been  held  at  which  preliminary 
arrangements  were  started  for  our  Annual  Banquet,  which  will  be  held 
the  latter  part  of  January.  The  Committee  has  already  been  in  touch 
with  several  prominent  speakers  in  regard  to  speaking  at  the  Dinner 
and  has  secured  the  promise  of  one.  The  Committee  has  also  under 
consideration  the  matter  of  inspection  trips,  but  due  to  car  and  coal  short¬ 
age,  and  general  unsatisfactory  conditions  in  the  plants,  it  has  been 
difficult  to  secure  the  consent  of  executives  to  our  visiting  their  plants. 

The  Membership  Committee  reported  that  a  meeting  had  been  held 
to  go  over  applications  received  since  the  last  meeting  of  the  Board  to 
make  assignment  of  the  various  grades  of  membership.  Also  to  act 
upon  any  resignations  received. 

Mr.  Theodore  H.  Ross  was  transferred  to  Associate  Member. 

Two  suggestions  were  made  as  to  means  of  increasing  membership. 
First,  that  Secretary  send  out  double  postcard  notice  asking  each  member 
to  send  in  one  or  more  names  of  engineers  who  should  be  members  of 
the  Society  and  second,  that  a  list  of  companies  be  made  up  and  certain 
members  of  the  Committee  assigned  to  these  companies  to  see  executive 
heads  and  have  them  help  secure  new  members  from  their  engineering  de¬ 
partment.  Mr.  W.  C.  Buell  and  Mr.  Edward  Rahm  were  appointed  a  sub¬ 
committee  to  compile  this  list. 

Prof.  Crabtree,  Chairman  of  the  Publication  Committee  reported 
verbally  stating  that  the  meetings  of  the  Committee,  had  been  held,  but 
that  the  program  as  arranged  gave  promise  of  being  carried  out. 

The  Secretary  presented  a  letter  from  the  Engineers’  Society  of  North 
Eastern  Penna.  in  reply  to  our  letter  of  last  Spring  asking  that  we  com¬ 
municate  with  Governor  Elect  Pinchot  in  regard  to  the  appointment  of 
one  or  more  engineers  on  the  Public  Service  Commission  of  Pennsylvania, 
stating  that  this  matter  had  been  discussed  by  their  Board  of  Direction 
with  the  result  that  they  advised  they  did  not  feel  that  it  was  essential 
to  have  an  engineer  on  this  commission.  The  Secretary  stated  that  Mr. 
Hawley  had  asked  him  to  refer  this  reply  to  the  Board  with  the  sugges¬ 
tion  that  the  Board  make  an  acknowledgment,  stating  their  position  and 
their  belief  that  they  should  have  an  engineer  on  this  commission. 

After  discussion  it  was  moved  and  carried  that  Mr.  Hawley  and  Mr. 
Knowles  be  appointed  a  sub-committee  to  reply  to  this  communication. 

Mr.  James,  reporting  for  the  sub-committee  on  finances  appointed 
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at  the  last  meeting  of  the  Board  of  Direction,  stated  that  this  committee 
had  held  a  meeting  and  considered  the  possibility  of  soliciting  donations 
from  corporations  in  the  Pittsburgh  District  to  cover  our  present  deficit, 
the  amount  suggested  being  $10,000.  A  list  of  50  companies  with  whom 
the  Society  has  a  direct  connection,  was  made  up. 

Mr.  James  stated  that  he  would  like  an  expression  from  the  members 
of  the  Board  as  to  what  they  thought  of  this  plan  and  if  they  had  any 
names  to  suggest  that  had  been  omitted  from  the  list.  An  expression 
from  those  present  favored  the  plan  in  general  and  Mr.  James  stated 
that  he  would  call  a  meeting  of  the  special  committee  in  the  near  future 
to  start  active  work  along  the  lines  suggested. 

The  meeting  adjourned  at  5  :45  P.  M. 

K.  F.  Treschow,  Secretary. 


JOINT  MEETING  MECHANICAL  SECTION  AND  AMERICAN 
SOCIETY  FOR  STEEL  TREATING 

A  joint  meeting  of  the  Mechanical  Section  of  the  Engineers’  Society 
of  Western  Pennsylvania  and  the  American  Society  for  Steel  Treating 
was  held  in  the  Hawaiian  Room,  William  Penn  Hotel,  Tuesday,  Octolx'r 
10th  at  8:15  P.  M.,  Chairman  W.  E.  Moore  presiding,  91  members  and 
visitors  being  present. 

The  Minutes  were  approved  without  reading. 

The  Chairman  then  turned  the  meeting  over  to  Mr.  Hoffman,  Chair¬ 
man  of  the  Pittsburgh  Section  of  the  American  Society  for  Steel  Treating. 

Xo  further  business  coming  before  the  Section,  the  paper  of  the 
evening  was  presented  by  Mr.  W.  J.  Merten,  Metallurgical  Engineer, 
Westinghouse  Elec.  &  Mfg.  Co.,  East  Pittsburgh,  Pa.  on  ‘‘The  Develop¬ 
ment  of  Helical  Steel  Springs  for  Flexible  Locomotive  Motor  Drives.” 

The  ensuing  discussion  was  participated  in  by:  C.  M.  Johnson. 
Director.  Dept,  of  Research  &  Metallurgist,  Crucible  Steel  Co.  of  America; 
T.  D.  Lynch.  Research  Engr.,  Westinghouse  Elec.  &  Mfg.  Co.;  and 
the  author. 

On  motion  the  meeting  adjourned  at  9:30  P.  M. 

K.  F.  Treschow,  Secretary. 


REGULAR  MONTHLY  MEETING 

The  407th  regular  monthly  meeting  of  the  Engineers*  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room.  William  Penn  Hotel, 
Tuesday,  October  17th,  at  8:05  P.  M.,  President  II.  D.  James  presiding, 
91  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  Sept.  19th,  were  read 
and  approved. 

The  Board  of  Direction  reported  the  election  of  ten  applicants  to 
the  grade  of  Member,  two  to  the  grade  of  Associate  Member,  two  to 
grade  of  Associate  and  one  to  the  grade  of  Junior,  the  transfer  of  one 
member  to  higher  grade  and  the  receipt  of  eight  applications  for  mem¬ 
bership. 
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No  further  business  coming  before  the  Society,  the  paper  of  the 
evening  was  presented  by  Dr.  Winslow  H.  Herschel,  Associate  Physicist, 
U.  S.  Bureau  of  Standards,  Washington,  D.  C.  on  “Testing  the  Quality  of 
Lubricating  Oils.” 

Written  discussion  was  presented  by:  J.  R.  Buchanan,  Local  Engr., 
General  Electric  Co. ;  Max  Hecht,  Chemist,  Duquesne  Light  Co. 

The  ensuing  discussion  was  participated  in  by  :  LaSalle,  Westinghouse 
Elec.  &  Mfg.  Co.;  J.  E.  Babb,  Supt.  Grease  Plant  and  Director  Chemical 
Laboratory,  Waverly  Oil  Works,  Prof.  M.  D.  Hersey,  Physicist,  U.  S. 
Bureau  of  Mines;  C.  J.  Rodman,  Chemist,  Research  Engineering  Dept., 
Westinghouse  Elec.  &  Mfg.  Co.;  F.  K.  Howell,  Supt.,  Compressing 
Stations,  Philadelphia  Co.;  W.  F.  Faragher,  Senior  Fellow,  Mellon 
Institute  and  Gulf  Refining  Associate;  C.  M.  White.  Supt..  Monongahela 
Connecting  R.  R.  Co. ;  L.  W.  Heller,  Acting  Supt.,  Power  Stations, 
Duquesne  Light  Co. ;  and  the  author. 

On  motion  duly  seconded  and  carried,  a  vote  of  thanks  was  ex¬ 
tended  to  Dr.  Herschel  for  his  very  valuable  and  interesting  paper. 

The  meeting  adjourned  at  10:15  P.  M. 


K.  F.  Trf.schow,  Secretary. 
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BOARD  OF  DIRECTION 


The  regular  monthly  meeting  of  the  Board  of  Direction  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  William  Penn 
Hotel.  Parlor  E.  Tuesday,  Nov.  21st  at  4:50  P.  M.,  President  H.  D.  James 
presiding.  Messrs.  Crabtree.  Hildner,  Danforth,  Hawley.  Reppert,  Weldin. 
and  the  Secretary  being  present. 

The  Minutes  of  the  last  meeting  held  Oct.  17th.  were  approved  with¬ 
out  reading. 

Applications  for  membership  received  from  the  following  gentlemen, 
having  been  published  to  the  Society,  pursuant  to  the  action  of  the  Board, 
were  elected  to  membership. 


MEM  BERS 

Cosgrove,  William  H. 

Lleyellyn,  Lee 
Southward.  G.  B. 

Trimble,  Alexander  F. 

Walthour.  James  R. 

ASSOCIATE  MEMBERS 
Becker.  Mathias 

JUNIORS 

Bickel,  William  D. 

Nouris,  Leonard  R. 

Applications  for  membership  were  received  from  the  following  gentle¬ 
men  and  were  graded  by  the  Membership  Committee  as  follows: 

MEM  BERS 

Gallinger,  Walter  X. 

Ingram,  Herschel  Anthony 
Mantle.  Gregory  Douglas 
Miller,  Harry  R. 

ASSOCIATE  MEMBERS 

Bradford,  Herbert  H. 

Kirkpatrick,  George  Myers 


ASSOCIATE 

Dalzell,  James  Willis 
Parmelee,  Earle  Linsley 

Letter  was  received  from  Mr.  J.  R.  Boyd  asking  to  be  reinstated  to 
membership.  He  joined  in  February,  1908  and  resigned  latter  part  of  year. 
Also  Mr.  P.  A.  Young,  who  joined  in  1910  and  resigned  in  1914.  After 
discussion,  it  was  moved  and  carried  that  the  Secretary  be  requested  to 
write  them  advising  of  their  reinstatement  to  membership. 
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Letters  of  resignation  were  received  from  the  following  and  after 
discussion,  they  were  ordered  accepted.  Dudley,  S.  W. ;  Heichert,  H.  S. ; 
Layton,  M.  B. ;  Lincoln,  P.  M. ;  Schmertz,  Wm.  E. 

The  Secretary  reported  the  death  of  Mr.  E.  B.  Taylor  a  past  presi¬ 
dent  of  the  Society  who  died  Nov.  8,  1922.  It  was  moved  and  carried 
that  the  Secretary  ask  Mr.  Trimble  to  write  a  memoir  of  Mr.  Taylor. 

The  report  of  the  Secretary  showing  the  financial  condition  of  the 
Society  at  the  close  of  business  October  31st,  having  been  previously  audited 
by  the  Finance  Committee,  was  approved. 

Mr.  Hawley,  chairman  of  the  Finance  Committee,  reported  verbally 
on  behalf  of  the  Committee,  calling  attention  to  the  fact  that  by  elimina¬ 
ting  the  cost  of  the  1921  Proceedings  published  this  year,  editorial  ex¬ 
penses  and  advertising  commissions,  we  have  kept  within  the  budget  adopted 
by  the  Board. 

The  House  Committee  reported  an  evening  attendance  of  160  for  the 
month  of  October. 

The  Membership  Committee  held  one  meeting  at  which  the  various 
applications  received  were  gone  over  and  assignment  made  to  the  various 
grades  of  membership. 

One  member  was  dropped  on  account  of  non-payment  of  dues  and  two 
members  reinstated  to  membership. 

The  special  committee  assigned  to  make  up  list  of  companies  in  the 
district,  reported  that  the  list  would  be  completed  as  soon  as  they  secured 
a  new  membership  list. 

In  accordance  with  Article  5,  Section  5  of  the  By  Laws  the  following 
report  of  the  Nominating  Committee  was  presented: 


Nov.  15,  1922. 

To  the  Board  of  Direction, 

Engineers’  Society  of  U  'e stern  Pcnna. 

Dear  Sirs  : 


Your  Nominating  Committee  appointed  to  nominate  officers  for  the 
ensuing  year  held  a  meeting  Nov.  15th  and  beg  to  report  the  following: 


For 

For 

For 

For 


President  . 

Vice  President 
Treasurer  . 

Directors  \ 


Morris  Knowles 
W.  B.  Spellmire 

. A.  Stucki 

. E.  D.  Leland 

. F.  I.  Ellis 


Respectfully  submitted, 

Frederic  Crabtree,  Chairman. 
A.  E.  Crockett, 
j.  M.  Graves, 

Wm.  F.  Hall, 

H.  A.  Rapelye, 

Nominating  Committee. 

It  was  moved  and  carried  that  the  nominations  be  approved. 

The  Secretary  presented  the  following  report  on  l>ehal f  of  the  tellers 
appointed  by  the  President  to  canvass  the  ballot  on  Transfer  of  Funds  and 
Amendment  to  By  Laws. 
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Nov.  15,  1922. 

To  the  Board  of  Direction 

Engineers'  Society  of  Western  Penna. 

Dear  Sirs  : 


In  accordance  with  the  request  of  the  Board  of  Direction  there  was  a 
public  canvass  made  of  the  ballots  on  Transfer  of  Funds  and  Amendments 
to  By  Laws,  with  the  following  result  : 


Yeas  Nays 


Transfer  of  Funds . 326  11 

Amendments  to  By  Laws . 291  50 


Respectfully  submitted. 


A.  E.  Blake,  C  hair  man, 

\Y.  F.  Sanville, 

E.  O.  Mueller. 

Mr.  Dan  forth  presented  a  verbal  report  of  the  work  done  by  the 
Building  Code  Committee  of  the  Dept,  of  Commerce,  Washington.  D.  C. 
of  which  he  is  a  member  as  a  representative  of  this  Society.  This  Com¬ 
mittee  is  drawing  up  a  national  building  code  which  is  near  completion. 

The  Secretary  stated  that  Mr.  C.  D.  Terry  had  requested  that  he 
present  his  resignation  as  a  member  of  the  Board  of  Direction  as  Mr. 
Terry  felt,  in  justice  to  his  company  and  the  Society,  he  should  resign, 
as  he  had  only  attended  one  meeting  and  his  time  was  so  taken  up  with 
company  matters  and  would  be  during  his  term  of  office  as  a  director, 
that  he  would  probably  not  be  able  to  do  justice  to  the  work. 

After  discussion  it  was  moved  and  carried  that  Mr.  Terry’s  resigna¬ 
tion  be  accepted  with  regret  and  the  Secretary  notify  him  accordingly, 
expressing  the  appreciation  of  the  Board  for  his  cooperation  during  term 
as  Director. 

In  accordance  with  Article  5.  Section  13  of  the  By  Laws,  it  was 
moved  and  carried  that  Mr.  Richard  Khuen,  Jr.,  be  elected  to  fill  the 
vacancy  caused  by  the  resignation  of  Mr.  Terry. 

On  motion  the  meeting  adjourned  at  6:00  P.  M. 

K.  F.  Treschow,  Secretory. 

CIVIL  SECTION 

The  regular  bi-monthly  meeting  of  the  Civil  Section  of  the  Engineers’ 
Society  of  Western  Pennsylvania  was  held  in  the  Blue  Room,  William 
Penn  Hotel.  Tuesday,  November  7th,  at  8:00  P.  M.,  Vice  Chairman  Horace 
R.  Thayer  presiding.  47  members  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  September  12th,  were  read  and 
approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the 
evening  on  “Determination  of  Amount  of  Realignment,  Grading,  and 
Drainage  Necessary  in  Connection  with  Road  Improvement”  was  pre¬ 
sented  by  Samuel  D.  Foster,  Consulting  Highway  Engineer.  Pittsburgh. 
Penna. 

The  ensuing  discussion  was  participated  in  by  :  C.  B.  Stanton.  As¬ 
sociate  Professor.  Civil  Engineering  Carnegie  Inst,  of  Technology  :  L.  P. 
Blum.  Blum-Weldin  &  Co.;  Funk.  State  Highway  Dept.  Harrisburg.  Pa.; 
J.  M.  Rice,  Consulting  Civil  Engr..  Pittsburgh,  Pa.;  P.  \V.  Price.  Asst. 
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Engr.,  County  Engineer’s  Office,  Allegheny  County ;  R.  A.  Schneider, 
Civil  Engr.  and  Surveyor,  Pittsburgh,  Pa.;  Horace  R.  Thayer,  Markhart- 
Thayer  Engineering  Co.;  Winters  Haydock,  Chf.  Engr.  Citizens’  Com¬ 
mittee  on  City  Plan  of  Pittsburgh ;  R.  V.  Warren,  Township  Engr.,  Penn¬ 
sylvania  State  Highway  Dept.,  Harrisburg,  Pa. ;  E.  Y.  Braden,  Engr. 
Pittsburgh,  Chartiers  &  Youghiogheny  Rwy.  Co. ;  and  the  author. 

On  motion  the  meeting  adjourned  at  10:45  P.  M. 

K.  F.  Treschow.  Secretary. 

REGULAR  MONTHLY  MEETING 

The  408th  regular  monthly  meeting  of  the  Engineers’  Society  of 
Western  Pennsylvania  was  held  in  the  Blue  Room,  William  Penn  Hotel, 
Tuesday,  November.  21st,  at  8:07  P.  M.,  President  H.  D.  James  presiding, 
42  members  and  visitors  being  present. 

The  Minutes  of  the  last  meeting  held  October  17th.  were  read  and 
approved. 

The  Board  of  Direction  reported  the  eleection  of  five  applicants  to 
the  grade  of  member,  one  to  the  grade  of  Associate  Member  and  two  to 
the  grade  of  Junior  and  the  receipt  of  eight  applications  for  membership, 
also  one  reinstatement  and  five  resignations. 

The  President  announced  that  Mr.  A.  Stucki  had  won  the  Chess  Tourna¬ 
ment  and  the  cup  offered  the  winner  by  Mr.  Fohl  and  that  Mr.  F.  K. 
Howell  had  won  the  cup  offered  by  Mr.  Stucki  in  the  second  tournament. 

No  further  business  coming  before  the  Society,  the  paper  of  the  even¬ 
ing  on  "Planning  Mass  Transportation  Facilities”  was  presented  by 
Thomas  Fitzgerald,  Consulting  Electrical  Engineer,  Pittsburgh,  Pa. 

The  ensuing  discussion  was  participated  in  by  : 

E.  R.  Jackson,  Climax  Engineering  Co.,  Clinton.  Iowa;  W.  E. 
Schmertz,  Asst,  to  Mgr.  Bureau  of  Instruction,  Jones  &  Laughlin  Steel  Co.; 
W.  M.  Austin,  Elec.  Engr.  Westinghouse  Elec.  &  Mfg.  Co.;  J.  M.  Rice, 
Consulting  Civil  Engr.,  Pittsburgh ;  P.  W.  Price,  Assi.  Engr.,  County 
Engineer’s  Office,  Pittsburgh ;  Ralph  Rainsford,  Chf.  Engr.,  Philadelphia 
Co.;  Frederic  Crabtree,  Professor,  Mining  &  Metallurgy  Carnegie  Inst,  of 
Technology;  J.  B.  Crane,  Engr.,  George  T.  Ladd  Co.;  J.  R.  Buchanan, 
Local  Engr.,  General  Electric  Co. ; '  W.  F.  Sanville,  Pres.  Specialties  Co. 
of  Pittsburgh ;  A.  E.  Anderson,  Attorney,  Pittsburgh ;  and  the  author. 

On  motion  the  meeting  adjourned  at  9:45  P.  M. 

K.  F.  Treschow,  Secretary. 

MINING  SECTION 

The  regular  bi-monthly  meeting  of  the  Mining  Section  of  the  Engi¬ 
neers’  Society  of  Western  Pennsylvania  was  held  in  the  Ball  Room, 
William  Penn  Hotel,  Tuesday,  November  28th,  at  8:15  P.  M..  Chairman 
W.  A.  Weldin  presiding,  87  members  and  visitors  being  present. 

The  Minutes  of  the  last  regular  meeting  held  September  26th,  were 
read  and  approved. 

No  further  business  coming  before  the  Section,  the  paper  of  the  even¬ 
ing  on  "The  Stripping  Method  of  Mining  Coal"  was  presented  by  Mr. 
Samuel  A.  Taylor,  Consulting  Mining  Engineer,  Pittsburgh.  Pa. 
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Tlie  ensuing  discussion  was  participated  in  by:  11.  L.  Beach.  V.  I\  & 
Sales  Engr.,  Clark  Car  Co.;  \Y.  B.  Spellmire,,  Local  Mgr..  General  Elec¬ 
tric  Co.;  W.  A.  Weld  in,  Blum-Weldin  &  Co.;  W.  M  Parkin,  Engr.,  W. 
M.  Parkin  &  Co.;  CL  G.  Bell.  Mgr.,  Power  Dept.,  West  Penn  Power  Co.: 
J.  W.  Paul.  Mining  Engr..  U.  S.  Bureau  of  Mines;  Phelan  McShane.  Gen. 
Engr.,  Westinghouse  Elec.  &  Mfg.  Co.;  H.  E.  Cole,  V.  P.  &  Gen.  Mgr. 
Harris  Pump  &  Supply  Co.;  H.  A.  Deuel,  Chf.  Expediter.  The  Koppers 
Company;  Thomas  Higgins,  Gen.  Supt.,  City  Mills.  Carnegie  Steel  Co.; 
and  the  author. 

On  motion  the  meeting  adjourned  at  10:10  P.  M. 

K.  E.  Trksi  how.  Si'cri'tury. 
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Engineers,  Founders,  Pipe  Fitters  and  Machinists 

Complete  Erection  of  Piping  a  Specialty.  Estimates  Cheerfully  Furnished 

Office  and  Works,  26th  Street  and  A.  V.  R.  R.  PITTSBURGH,  PA. 


ROBERT  W.  HUNT  &  CO. 

Bureau  of  Inspection,  Tests  and  Consultation 

NEW  YORK  CHICAGO  PITTSBURGH 

—INSPECTION  OF— 

Rails  and  Fastenings,  Electrical  Equipments,  Cars,  Locomotives, 

Pipes,  Machinery,  Etc. 

Bridges,  Buildings  and  other  Structures 

Chemical  and  Physical  Laboratories.  Reports  and  Estimates  on  Prop¬ 
erties  and  Processes. 


PITTSBURGH  TESTING  LABORATORY 
Inspecting  Engineers  and  Chemists 
6ia-6ao  Grant  Street,  PITTSBURGH,  PA. 


When  writing  Advertisers  please  mention  “Proceedings” 


Westinghouse  Electric  £?  Mfg.  Co. 

EVERYTHING  ELECTRIC 

Address  Nearest  District  Office  for  Information 


Atlanta  Cincinnati  Detroit  Los  Angeles  New  York 

Baltimore  Denver  Kansas  City  New  Orleans  Philadelphia 

Buffalo  Westinghouse  Elec.  &  Mfg.,  Co.  Ltd.,  Dallas  and  El  Paso,  Tex. 

Chicago  Canada:  Canadian  Westinghouse  Co.  Ltd.,  Hamilton,  Ont. 


Mexico:  Compania  Ingeniera,  Imdortadora  y  Contratista,  S.  A.,  Successors  to 
G.  &  O.  Braniff  Company,  City  of  Mexico 


Pittsburgh 
St.  Louis 
Salt  Lake  City 
San  Francisco 
Seattle 


McCLINTIC  =  MARSHALL  COMPANY 

STEEL  BRIDGES  AND  BUILDINGS 


KITER-  CONLEY  COMPANY 

TANKS,  BLAST  FURNACES,  GAS  HOLDERS, 
TRANSMISSION  TOWERS,  OIL  REFINERIES 

Oliver  Building,  ....  PITTSBURGH. 


FOR  HIGH  PRESSURE  AND  EXACTING  SERVICE  THE 

HOMESTEAD  VALVE 
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PITTSBURG  CONSTRUCTION  COMPANY 

Diamond  Bank  Building,  PITTSBURGH, 

Coal  Tipples,  Trestle  Work,  Grading,  Masonry 
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j  General  Office  and  Works  of  the  Mesta  Machine  Company,  Pittsburgh,  Pa.  I 

!  MESTA  MACHINE  COMPANY 

j  PITTSBURGH,  PENNSYLVANIA  j 

Manufacturers  of 
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FORT  PITT  FOUNDRY 
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28"  STRUCTURAL  MILL 


Manufacturers  of 

Rolling  Mills, 
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ROLLS 

STEEL 

AND 

MANGANITE 

Iron,  Steel  and 
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Miscellaneous 

Iron  and 
Steel  Works 
Machinery 


When  writing  Advertisers  please  mention  “Proceedings" 

xiii 


CLASSIFIED  LIST  OF  ADVERTISERS 


Audits— Accounting  Systems 

Allen,  Hanson  &  Bennett . x 

Amonia  Recovery  Plants. 

The. Koppers  Company . xxv 

Angles,  Tees,  Channels. 

Jones  &  Laughlin  Steel  Co . xx 

Ash  Conveyor. 

Steam  Equipment  Mfg.  Co . x 

Baffles. 

Steam  Equipment  Mfg.  Co, . x 

Banks. 

Diamond  National  Bank . x 

Bars  (concrete  reinforcing). 

Jones  &  Laughlin  Steel  Co . xx 

Benzol  Recovery  Plants. 

The  Ivoppers  Company . xxv 

Blast  Furnaces. 

G.  W.  McClure,  Son  &  Co . ix 

Riter-Conley  Company . xii 

Blowoff  Valves. 

Steam  Equipment  Mfg.  Co . x 

Boilers. 

George  T.  Ladd  Co . xix 

Brass  Castings. 

Mackintosh,  Hemphill  &  Co . xiii 

Brass  Goods. 

Homestead  Valve  Mfg.  Co . xii 

Builders. 

Pittsburgh  Construction  Co . xii 

By-Product  Recovery  Plants. 

The  Koppers  Company . xxv 

Cars  and  Car  Wheels. 

Phillips  Mine  &  Mill  Supply  Co . xix 

Chain. 

.Tones  &  Laughlin  Steel  Co . xx 

Coal  and  Coke  Works  Equipment. 

Phillips  Mine  &  Mill  Supply  Co . xix 

Coal  Tipples. 

Pittsburgh  Construction  Co . xii 

Wm.  B.  Scaife  &  Sons  Co . xvii 

Coke  Ovens. 

The  Koppers  Company . xxv 

Condensers. 

Mesta  Machine  Co . xiii 

Consulting  Engineers. 

W  E.  Moore  &  Co . ix 


Contractors. 

Dravo-Doyle  Co . xvii 

Pittsburgh  Construction  Co . xii 

Pittsburgh  Piping  &  Equipment  Co . xi 

Pittsburgh  Valve  &  Foundry  &  Construction 
Co . xi 

Couplers. 

The  McConway  &  Torley  Co . xxil 

Drawing  Materials. 

B.  K.  Elliott  Co . xxii 

Drills. 

Morse  Twist  Drill  &  Machine  Co . xx 

Electrical  Apparatus. 

Westinghouse  Electric  &  Mfg.  Co . xii 

Electric  Furnaces. 

General  Electric  Company . xxiv 

W.  E.  Moore  &  Co. . ix 

Emery  Wheels. 

Somers,  Fitler  &  Todd  Co . xv 

Employment 

Vocational  Engineering  Association . ix 

Engineering  Instruments. 

B.  K.  Elliott  Co . 2nd  cover 

S.  H.  Stupakoff . xi 

Engines — Blowing,  Comliss  Reversing. 

Mackintosh,  Hemphill  &  Co . xiii 

Mesta  Machine  Co . xiii 

Engines — Gas. 

Mesta  Machine  Co . xiii 

Engines — Steam. 

Dravo-Doyle  Co . xvii 

Mackintosh,  Hemphill  &  Co . xiii 

Mesta  Machine  Co . xiii 

Engraving. 

Robert  Rawsthorne  Eng.  Co . xii 

Feed  Water  Heaters  and  Purifiers. 

Wm.  B.  Scaife  &  Sons  Co . xvii 

Feed  Water  Regulators. 

Steam  Equipment  Mfg.  Company . x 

Filters,  Water. 

Wm.  B.  Scaife  &  Sons  Co . xvii 

Fire  Brick. 

Kier  Fire  Brick  Co . xxi 

Forging  Presses. 

Mesta  Machine  Co . xik 

Gas  Meters. 

General  Electric  Company . xxi’* 

Pittsburgh  Meter  Co . xvii 

Gas  Producers. 

The  Koppers  Company . xxv 

Gears. 

Ge’neral  Electric  Company . xxiv 

Taylor- Wilson  Mfg.  Co . it 

Generators. 

General  Electric  Company . xxiv 

Westinghouse  Electric  &  Mfg.  Co . xii 


Continued  on  page  xvi 

When  writing  Advertisers  please  mention  “Proceedings” 


XIV 
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CONCRETE  MIXERS 

Learn  the  advantages  in  construction,  which  make  the  NORTHWESTERN  superior  to  every  other 

mixer  in  the  field. 

When  you  have  done  this  there  will  be  but  one  result.  You  will  buy  a  NORTHWESTERN 
because  of  its  efficiency,  quality  and  reliability  at  prices  which  defy  competition. 

In  stock  here  for  your  inspection — Let  us  go  over  this 
machine  with  you  point  for  point  before  you  buy. 

SOMERS,  FITLER  &  TODD  COMPANY 

327  Water  Street  Pittsburgh 

ENGINEERING  DEPARTMENT 
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PIPE  MILL  MACHINERY 

Pipe  Threading  and  Cutting  Machines>  Socket  Tappers,  Testing 
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in  the  manufacture  of  Wrought  Iron  Pipe.  Special  Machinery. 

MACHINE  MOULDED  GEARS 
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John  Eichleay  Jr.  Co. 

OFFICE  &.  MILL  BUILDINGS,  COAL  TIPPLES 

Steel  Construction 
Structural  Steel 

SHORING  AND  FOUNDATION  WORK 
HOUSE  RAISING  AND  MOVING 
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For  Measuring — 

Cold  or  Hot  Water,  Oil,  Gasoline,  Artificial,  Natural  and 
Casinghead  Gas,  Air  Meters  and  Gas  and  Water  Meter  Provers. 
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Are  the  three  points  that  determine  the  value  of  every  water 
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NATIONAL  METER  COMPANY 
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WATER 
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WM.B.5CAIFE  &  5DN5  CD.  PITTSBURGH. PA. 
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The  Latest  Developments  in  Mill  Drive 

USING 

NORDBERG  UNIFLOW  STEAM  ENGINES 

DRAVO-DOYLE  CO. 

MERCHANT  ENGINEERS 

PITTSBURGH  PHILADELPHIA  CLEVELAND  INDIANAPOLIS 
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Phillips  Mine  &  Mill  Supply  Co. 

PITTSBURGH,  PA. 

W orKs,  SovitH  23d,  24th,  Jane  and  Mary  Streets 
Office.  2227  Jane  Street 


Screens, 

Screen  Bars, 

Screening  Plants 
Complete, 

HitcHings, 


Car  Dumps, 
Cars, 

Car  Wheels 
Larry  AiVagons, 
Etc. 


LLT  US  SUBMIT  PLANS  AND  ESTIMATES. 

Manufacturers  of 

Coal  ana  coke  works  Equipment 


WATE 


R 


The  Ladd  Water  Tube  Boiler 
is  a  combination  of  rugged,  simple 
and  accessible  construction. 

Built  in  any  size  and  for  any 
of  the  many  methods  of  firing — 
stoker,  oil,  gas,  powdered  coal,  etc. 

Our  Engineering  Department 
will  be  glad  to  co-operate  with 
you  on  your  boiler  problems — no 
matter  how  intricate  or  elaborate 
they  may  be. 

Our  catalogue  will  be  of  in¬ 
terest  to  you. 

The  George  T.  Ladd  Co. 

FIRST  NATIONAL  BANK  BUILDING, 

PITTSBURGH,  PA. 


MANOMETERS 


for  All 
Purposes 


Either  Single 
or 

Differential 

Pressure 


write  FOR 

DESCRIPTION 
OF  NEW 

“EASY  READ’* 
MANOMETER 


BACHARACH 

Industrial  Instrument  Co. 


Pittsburgh,  pa. 
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“MORSE” 

Twist  Drills  and  Tools 


The  necessary  requirements 
of  high-class  tools  are  Speed, 
Exactness,  Quality,  Economy. 
All  are  combined  in 

“MORSE”  TOOLS 

For  nearly  Fifty  Years  they 
have  been  known  by  and  sold 
to  thousands  of  satisfied  users. 
They  are  up-to-date,  pro¬ 
gressive,  well-made,  accurate 
tools.  Carbon  and  High  Speed 
Steel. 

Twist  Drills,  Reamers, Cutters 

Send  for  Illustrated  Catalogue 
Free  to  all  interested 


Morse  Twist  Drill 
&  Machine  Co. 


New  Bedford,  Mass.  U.S.A. 


JONES  &  LAUGHLIN 
STEEL  COMPANY 

Manufacturers  of 

VARIOUS 

STEEL  PRODUCTS 


BRANCH  OFFICES: 

Boston  Cleveland  San  Francisco 

Buffalo  Detroit  St.  Louis 

Chicago  New  York  Seattle 

Cincinnati  Philadelphia  Washington 

WORKS: 

South  Side  Works  Keystone  Works 

Soho  Department  Aliquippa  Works 

Eliza  Furnaces  and  Coke  Ovens 

WAREHOUSES: 

Chicago  Pittsburgh 

GENERAL  OFFICES: 

Jones  &  Laughlin  Building 
PITTSBURGH 


Treadwell  Engineering  Company 


Merchant  Mills — Wire  Rod  Mills — 
Continuous  Mills — Hot  and  Cold 
Strip  Mills— Hoisting  Machinery 


EASTON, PENNSYLVANIA,  U.S.A. 
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TELEPHONES: 

/C.  D.  T.  1353  A  1354  Court 
\P.  4  A.  2292  Main 

v  .  JC.  D.  T.  3129  Cedar 
Yar<U  ^  79Q 


Main  Office 


8TEAMER8 

MARGARET  CHARLOTTE 
REBECCA  HARRIET 

RIVAL  TWILIGHT 

FLORA  SNIPE 


RODGERS  SAND  CO. 


Dealers  and  Shippers  of  all  kinds  of 

Sand  CSL  Gravel  CSL  Builders  Supplies 

By  RIVER.  RAIL  OR  WAGON 


Cor.  Wood  (EL  Water  Street  PITTSBURG,  PA. 


“S  ALIN  A” 
“ETNA” 
“LYON” 
“YOUGH” 


ESTABLISHED  18-45 


PITTSBURGH,  PA. 


Manufacturers  of 
High  Grade 
FIRE  CLAY  and 
SILICA  BRICK 


Engineering-Contracting 

tells  how  all  classes  of  work  are  done  so  as  to  save  money  and 
make  money,  and  it  gives  itemized  prices  covering  every  detail 
of  the  construction.  These  are  taken  from  the  private  records 
of  men  having  charge  of  the  work  and  are  reliable  and  valuable. 

This  is  a 

Methods  and  Cost 

periodical  and  the  only  one  of  its  kind  in  the  world.  It  is  read 
regularly  (and  in  nearly  every  case  the  files  are  kept  for  per¬ 
manent  binding)  READ  BY  MORE  PERSONS  INTERESTED 
IN  ENGINEERING  CONSTRUCTION  THAN  ANY  OTHER 
SINGLE  PERIODICAL. 

Price,  $2  for  52  Issues 
Sample  Copies — FREE 

ENGINEERING-CONTRACTING 

355  DEARBORN  STREET,  CHICAGO 
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THE  PENN  COUPLER 


This  coupler  which  is  a  combination  and  modification  of  the  Pitt  and 
Janney  X  Couplers  manufactured  by  us,  has  all  the  desirable  features 
of  those  couplers,  and  at  the  same  time  retains  the  simplicity  of  the 
early  types  of  the  Janney  Coupler. 

This  coupler  has  the  features  of  a  “Lock-Set,”  a  “ Lock-to-the-Lock ” 
and  a  “  Knuckle-Opener,”  and  complies  fully  with  all  the  requirements 
and  recommendations  of  the  M.  C.  B.  Association  and  the  Safety  Ap¬ 
pliance  Law. 

Lock-Set.  Lock  setting  is  accomplished  by  the  locking  block  when 
raised  to  the  uncoupling  position,  resting  on  a  seat  on  the  inside  wall 
of  the  coupler  head,  from  which  seat  it  is  dislodged  by  the  movement 
of  the  knuckle. 

Lock-to-the-Lock.  The  locking  pin  cannot  climb,  being  held  in  the 
locked  position  by  the  trigger,  a  projection  near  the  upper  end  of  which 
engages  the  under  side  of  the  top  wall  of  the  coupler  head,  thus  prevent¬ 
ing  accidental  uncoupling. 

Knuckle-Opener.  The  knuckle-opener  pushes  the  knuckle  open  to 
its  fullest  range  of  movement  from  a  fully  closed  position  or  from  any 
partially  open  position,  and  its  path  of  movement  is  such  as  to  insure 
easy  and  complete  opening  of  the  knuckle. 

Especial  attention  is  called  to  the  large  area  (practically  5  square  inches) 
of  the  locking  surface  on  the  locking  block  and  the  knuckle  in  this  coup¬ 
ler,  and  to  the  fact  that  no  portion  of  the  locking  block  extends  beyond 
the  bottom  wall  of  the  coupler. 

This  coupler  has  the  desirable  feature  of  easy  accessibility  of  parts,  thus 
facilitating  repairs. 

Manufactured  by 

The  McCONWAY  ®,  TORLEY  CO. 

PITTSBURGH,  PA. 

MALLEABLE  IRON  AND  STEEL  CASTINGS 
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Elimination  of  waste  metal  in 
machinery  is  one  of  the  features 
of  Duquesne  Steel  Castings. 

Owing  to  the  closeness  to  size 
of  our  castings,  and  their  uni¬ 
formly  solid  structure  clear  to 
the  core ,  scrap  and  labor  losses 
are  eliminated  by  their  use. 

Would  you  like  our  quotations 
on  your  present  needs? 

The  Duquesne  Steel  Fdy.  Co. 

Main  Office 

Coraopolis,  Pennsylvania 

Sales  Office 

912  Farmers  Bank  Bu  Id  ng 
Pittsburgh,  Pennsylvania 

RAILWAY 

CASTINGS 
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UNITED  ENGINEERING 
AND  FOUNDRY  CO. 

BUILDERS  OF  COMPLETE 
MACHINERY  EQUIPMENT 

FOR 

IRON,  STEEL  and  TUBE  WORKS 
STEEL,  SAND,  CHILLED  and  “ADAMITE”  ROLLS 

FORGING  PRESSES 
ROLLING  MILL  ENGINES 

Steel  Castings;  Machine  Molded 
and  Cut  Gears 

GENERAL  OFFICE,  FARMER’S  BANK  BUILDING, 

PITTSBURGH,  PA. 


THE  KOPPERS  COMPANY 

PITTSBURGH,  PA. 

- D  ESIGNERS  AND  BUILDERS  OF 

BY-PRODUCT  COKE  AND  GAS  PLANTS 
BENZOL  RECOVERY  PLANTS 
MOTOR  FUEL  RECOVERY  PLANTS 
AMMONIA  RECOVERY  APPARATUS 
TAR  DISTILLING  PLANTS 
BY-PRODUCT  GAS  PRODUCERS 


FOR  FURNACE  WORK 

An  automatically-regulated 
stoker  that  holds  an  even  tem¬ 
perature  at  low  cost. 

Write  or  Phone  for  Catalogs. 


FOR  STEAM  PLANTS 

An  automatically  -  cleaned 
stoker  that  saves  labor  and 
saves  fuel. 


THE  UNDER-FEED  STOKER  CO.  of  AMERICA 

PITTSBURGH  OFFICES:  1212  PARK  BUILDING,  TELEPHONE  GRANT  940 
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Structural  Steel  Work 


n^HE  splendid  equipment  of  our  plants,  combined 
with  the  experience  of  our  engineering  organi¬ 
zation,  offers  exceptional  facilities  for  the  erection  of 
Mill  Buildings,  Structural  Steel  and  Plate  Work  and 
Tanks.  We  design,  fabricate  and  erect — Memphis 
Service  is  complete.  We  are  ready  to  work  with  you. 


Buildifiqs. 

fVork; 
mCS-  for  Oil  , 
Abater  and 


Built  by  Memp h i s  Pittsburgh 


Memphis  Steel  Construction  Co. 

OF  PENNSYLVANIA 


Magee  Building 


Pittsburgh,  Pa. 
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